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SPERMIOGENESIS IN THE DOG TICK Ve..Jtmac.e.n,i:Of1.. 
vcuUab~ (SAY) 
Sulei rrBn A. Sul ei man1 and George G. Brown 2 
ABSTRACT. Spermiogenesis or s perm maturation in the dog tick, Ve.Jtmac.e.n-
to~ vcuU_ab~ , involves t he r eproduc tive s y stem of b ot h sexes. Initial 
maturation is in the male tick befo r e copulation and final maturation 
occurs in t he female seminal receptacle. Th e development of o rganelles 
involved in motility in the mature sperm is obvious and several unique 
morphological changes occur. For example, development of the subsurface 
cisternae into cellular processes (mature sperm motile structures) is 
examined in four morphological transformations. Three of these occur in 
the male: (1) polarization of subsurface c isternae; (2) formation of cis-
ternal cavity and modification o f the cisternae into presumptive cellular 
processes; and (3) invaginatio n of the cisternal cavity to form an inner 
and an outer tube, a process involving spermatid elongation . These elon-
gated spermatids are trans ferre d in a spermatophore to the female and 
stored in the seminal receptacle. The final transformation, (4) eversion, 
occurs , re s ulting in the exposure of the cellular processes and initia-
tion of sperm motility. Each trans formation and the e vents of spermato-
cy togenesis are correlated to t he sperm location in the tick reproductive 
sy stem and to the tick life cy cle. An unique structure, the motile 
organelle, is examined for its morphology, development, and significance. 
INTRO DU CT ION 
In tick spermatogenesis the e vents of spermatocytogenesis and sper-
miogenesis need adequate descriptions both in sequential development and 
in reference to the tick l ife cy cle. For this purpose, the development 
of the cellular processes and the motile organelle (structures involved 
in mature sperm motility ) is i deal since their presurrptive structures are 
in e vidence in early stages. Pr evious s tudies carri e d out by Christophers 
(1906), Oppermann (1935), Sharma (1 944), and Reger (1961, 1962) have been 
limited to such events only in the mature adult male tick b ecause of 
their unawarenes s t hat the final step of spermiogenesis occurs i n the fe-
male tick. Later studies b y Brinton, Bergdorfer, and Oliver(l974), Oliver 
(1974), Oliver and Brinton (197 2 ) , and Reger (1974) have been concerned 
with this final step, but more detailed observations are definitely need-
ed. For simplicity, spermatogenesis is described in the following stages: 
(1) formation of spermatogonia, (2) formation of primary and secondary 
spermatocy tes, (3) formation of spermatids, and (4). spermiogenesis. In 
the present study, the last stage consists of four morphological trans-
formations. The first three (polarization, cisternal cavity formation, 
and invagination) occur in the male reproductive system; the last (ever-
sion) occurs in the female reproductive system. 
1Present address: Department of Biochemistry, University of Iowa, Iowa 
City, Iowa 52242. 
2professor, Department of Zoology, Iowa State University , Ames, Iowa 
500ll. 
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MATERIALS AND METHODS 
Adult specimens of Vetuna~ento~ vcvtiab~ (Say) were obtained from 
the laboratory of Dr. C.M. Clifford, Rocky Mountain Laboratory, Hamilton, 
Montana, and locally in Iowa, either from dogs or by flagging in prairie 
regions. Ticks were maintained in the laboratory in glass vials filled 
1 in. deep with a paste composed of plaster of Paris and charcoal (ratio 
6:11. The vials were plugged with fine mesh hollow stoppers and placed in 
da.rrp sand in an incubator at 18°C. 
For feeding and engorging of ticks, white New Zealand rabbits were 
used as hosts. Ticks were placed under plastic capsules which were con-
structed from the necks of wide-mouthed plastic bottles with screw caps 
modified after Varma (1964) . Each capsule was attached with a wide ad-
hesive tape to the side of a local shaved area on a rabbit. In this man-
ner, attachment and feeding of ticks were contained and they were easily 
added or removed by rerroving the cap. 
Sequential stages of sperm development through the first three trans-
formations of spermiogenesis were observed in the male tick. Materials 
were obtained by placing 10 to 15 adult males in a capsule on the rabbit 
and removing 2 to 3 specimens daily for 5 days which was the time requir-
ed for full engorgement (dropping away from site attachment) . After re-
moval from rabbit, each tick was dissected and the reproductive system 
was removed. 
Since the final transformation of spermiogenesis occurs in the female 
seminal receptacle, two methods were used to obtain material. In the 
first method, several female ticks were placed in a capsule on the rabbit 
and allowed to feed 3 to 4 days after which an equal number of males was 
added to the capsule. After both sexes had engorged (usually 5 days after 
the addition of males), all ticks were rerroved and dissected. Presumably 
during this period, copulation would have occurred. In the second method, 
several female specimens were allowed to engorge for 8 days. On the 3rd 
day, several males were placed in a separated capsule and allowed to en-
gorge for the remaining 5 days. Ticks were then removed from the host and 
paired heterosexually in wax-plated Petri dishes and observed for the 
initiation of copulation behavior. If this event did not occur within 3 
hours, the ticks were returned to separate capsules for 1 or 2 days long-
er and the pairing process was repeated. When copulation occurred and the 
spermatophore was transferred, the female tick was removed and prepared 
for observation. By this rrethod, females which had been inseminated from 
1 to 10 days were obtained. 
Most ticks collected as described above were dissected in arachnid 
solution (Rothschild, 1961). The testes and vasa deferentia of the male 
and the seminal receptacle and oviducts of the female were removed and 
innnediately inunersed in 4% glutaraldehyde (pH 7.2, 0.1 M sodium cacody-
late buffer) at 4°C and fixed for 2 hours. After fixation, each tissue 
was washed in the buffer and postfixed for 1.5 hours in 1% osmium tetrox-
ide. Subsequently the tissue was dehydrated and embedded in epon-araldite 
(Anderson & Ellis, 1965). Sections 0.2-1.0 µm thick were made and stained 
with either 1% toluidine blue or azure 11-methylene blue(Leeson & Leeson, 
1970) for light-microscope orientation. Thin sections were stained with 
uranyl acetate and lead citrate, and examined with a Hi tachi-HU-11 E-1 
electron microscope. 
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OBSERVATIONS 
In the testes of unfed adult males, primary spermatocytes and nutri-
tive somatic cells are grouped in cysts within the testicular wall. After 
males attach to a host and begin to feed, these spermatocytes progres-
sively enlarge (Figures 1 and 2) and Golgi complexes, multivesicular bod-
ies, and endoplasmic reticula eventually become evident (Figure 4). After 
2 days of feeding by the tick, the periphery of each primary spermatocyte 
consists of cup-shaped or circular-shaped subsurface cisternae, which 
vary in size and may be developing from the cell plasma membrane (Figure 
3). Their contents are generally less dense than the spermatocyte proper 
but similar to the nutritive somatic cells (Figure 4). As the spermato-
cytes continue to enlarge, these subsurface cisternae elongate, increase 
in number, and become tightly packed. 
During the 3rd day of feeding by the attached male, primary spermato-
cytes undergo meiotic divisions leading to the formation of spermatids. 
On the 4th day, the spermatids are spherical and are frequently joined 
together by desmosome-like cell junctions (Figure 5). Their subsurface 
cisternae have multiplied and large numbers of Golgi complexes, mitochon-
dria, and multi vesicular bodies have developed (Figure 6). 
Spermiogenesis begins on the 4th day of feeding by the attached male 
and is completed 4 days after insemination. As noted in the abstract and 
introduction, each spermatid passes through four morphological transfor-
mations. The first three -- polarization, formation of cisternal cavity, 
and invagination -- occur in the testes and are completed in the 5th day 
of feeding by the attached male. The fourth transformation, eversion, 
occurs in the female seminal receptacle. 
The first transformation, polarization, involves movement of the nu-
cleus to one pole of the spermatid and accumulation of subsurface cister-
nae at the opposite pole (Figure 7). Golgi complexes and multivesicular 
bodies are still in evidence. The nucleus is irregular in shape and ap-
pears to be condensing. The subsurface cisternae are elongating and some 
are open at the proximal end (Figure 7) . 
The second transformation, formation of cisternal cavity, is diffi -
cult to observe, but involves the origin of a continuous membrane to 
which are attached the subsurface cisternae (Figures 8 and 9) . This mem-
brane borders the cisternal cavity and encloses the subsurface cisternae 
(Figure lOA), which appear as long rodlike structures attached to the 
membrane and projecting into the lumen of the cisternal cavity (Figures 9 
and lOA). These subsurface cisternae are the presumptive cellular proces-
ses of the mature sperm and will become instrumental in sperm motility. 
The third transformation, invagination, is initiated after formation 
of the cisternal cavity. The cavity wall adjacent to the nucleus in-
vaginates into the cavity and forms an inner tube (or invagination tube, 
Figures lOB and lOC). This inner tube becomes enclosed by an outer tube 
(Figure lOC) , which is the former peripheral wall of the cisternal cav-
ity. The presumptive cellular pLocesses are now arranged on the outer 
side of the inner tube and on the inner side of the outer tube (Figure 
lOC) and are still enclosed in the greatly reduced cisternal cavity. Dur-
ing this transformation, the spermatid is gradually elongating (Figures 
lOB and lOC) . The condensed nucleus also elongates and migrates into the 
outer tube and lies adjacent to the cell membrane near the anterior part 
of the elongated spermatid. These elongated spermatid are then passed 
through the testicular lumen into the seminal vesicle (Figure 14) . 
In the seminal vesicle, the elongated spermatids undergo no obvious 
morphological changes. Each spermatid is approximately 75 µm long and 4.5 
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Figure 1. Section of testis 1 day after attachnent of male to host. Pri-
mary spermatocytes (SP) are spherical and contain relatively 
large nucJ.ei. Numerous somatic cells (S) are present. X 400. 
Figure 2. Section of testis 2 days after attachment of male tick to 
host. Primary spermatocytes (SP) are twice the size of those 
after 1 day of attachment. X 400. 
Figure 3. Primary spermatocyte in the testis of a male 2 days after 
attachment to the host. Subsurface cisternae (C) are obvious 
and may be developing from cell plasma membrane [arrow]. Note 
that Golgi complexes are not present, implying that the origin 
of these cisternae is not from such. X 20000. 
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Figure 4. Primary spermatocytes 
attachment to the host. 
from the testis of a male 3 days after 
The subsurface cisternae (C} increase 
in number and size and begin to elongate. The spermatocyte now 
contains a large number of Golgi complexes (G) and endoplasmic 
reticula (ERl • Next to the spermatocyte is a somatic cell 
(SC} , which probably has nourishing function and may have con-
tributed to the formation of the subsurface cisternae, judging 
from the similarity of cytoplasmic content. X 30000. 
Figure 5. Section of spermatids from the testis of a male 4 days after 
attachment to the host, showing an intercellular junction 
[arrow] comrronly observed. X 12000. 
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Figure 6. Section of spermatid from the testis 4 days after attachment 
of male to host. The subsurface cisternae (C) are crowded at 
t he periphery and the cytoplasm contains a large number of 
mitochondria (M), multi vesicular bodies (MB), Golgi complexes 
(G), and few endoplasmic reticula (ER). X 15000. 
Figure 7. Section of a spermatid from the testis 4 days after attachment 
of male to host. The spermatid is at the beginning of the 
"polarization" transformation which consists of movement of 
t he nucleus (N) to one pole and accumulation of the subsurface 
cisternae CC) at the opposite pole. X 15000. 
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Figures 8 and 9. The tips of the 
attached to a membrane 
subsurface cisternae 
[arrow] that encloses 
99 
t hicken and are 
the subsurface 
cisternae in a cisternal cavity (CC). The subsurface cister-
nae become modified into the p resumptive cellular processes 
(Pr), which are attached to the cavity wall and extend into 
the cisternal cavity. X 30000. 
100 
Figure 10. Diagrams representing the 
mations (after the first, 
spermiogenesis. 
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last three morphological transfor-
polarization} occurring during 
A. Second transformation ~ formation of the cisternal cavity. 
The cisternal cavity (CC} is bordered by a continuous mem-
brane to which are attached the presumptive cellular pro-
cesses (CP). The cytoplasm contains the nucleus (N) , Golgi 
complexes (G} , and mitochondria (M) . 
B. Third transformation - invagination. The inner tube (IT) 
invaginates into the cisternal cavity. Mitochondria move 
in this tube and the nucleus (N) elongates. The presump-
tive cellular processes (CP) are undergoing the final de-
velopment to become motile structures. 
C. Completion of the invagination transformation and the for-
mation of elongated spermatids (immature spermatozoa). 
The inner tUbe (IT) and the outer tube (OT) are well form-
ed. Most of the mitochondria are in the inner tube; the 
nucleus (N) is elongated and is located posteriorly in the 
outer tube. After completion of invagination, the elon-
gated spermatids are accumulated in the seminal vesicle, 
enclosed in a spermatophore, and transferred to the female 
during insemination. 
D. Fourth transformation - eversion. In the female seminal 
receptacle, the cell membrane (CM) ruptures and the inner 
tube (IT) projects through this rupture leading to the 
eversion of the outer tube (OT). This results in exposure 
of the rrotile organelle (MO) and the cellular processes 
(CP}. The old cell membrane retracts into the cytoplasm 
and forms the filament canal (FC} . 
E. Mature spermatozoon after completion of eversion. The 
spermatozoon consists of motile organelle (MO) ; club re-
gion (CR} ; middle region (MR) ; and posterior region (PR) , 
which contains the elongated nucleus (N) , acrosome (AC) , 
filam=nt canal (FC), and a unique plug-like structure 
(PG). 
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µm in diameter. The anterior end is pointed; the posterior end is blunt 
(Figure 16). A very obvious groove-like depression runs laterally along 
most of the spermatid length. In cross section (Figure 11) this depres-
sion is identified in the inner tube and resembles the typhlosole of an 
earthworm intestine. In the anterior end of the spermatid this depression 
is not present (Figure 12). The cellular processes are present and vary 
in size depending on their location. Those on the outer tube are of equal 
heights throughout most of the spermatid, while those on the inner tube 
with the groove-like depression are always of various heights. Also, the 
inner tube and the outer tube of each elongated spermatid are so close to 
each other that in many instances the cellular processes project between 
each other (Figures 11 and 12). In the anterior region the inner and 
the outer tubes are so close that distinguishing between the cellular 
processes at the end of the outer tube and those of the future motile or-
ganelle at the tip of the inner tube is difficult (Figure 13). 
Insemination or the transfer of a spermatophore containing elongated 
spermatids occurs during copulation. At this time the elongated sperma-
tids (immature spermatozoa) pass from the ectospermatophoric part to the 
endospermatophoric portion of the spermatophore. After insemination this 
latter portion becomes located in the female seminal receptacle and with-
in 2 or 3 days, the fourth and final transformation, eversion, takes 
place. The spermatid outer tube ruptures at the anterior end (Figures 10 
and 17) and the previously unexposed inner tube passes through this rup-
ture simultaneously, causing an eversion of the outer tube. Thus, the 
cellular processes that were enclosed in the old cisternal cavity are now 
externally exposed. On the anterior tip is the developing motile orga-
nelle (Figures lOD, lOE, and 18). The typhlosole-like structure on the 
inner tube becomes expanded forming the large anterior end or club region 
of the mature sperm (Figure 18) . The ruptured material of the old tube 
and the sperm cell membrane retract to the posterior part of the sperma-
tozoon and eventually form a long filament canal (Figures 10 and 19). 
The nucleus is located lateral to this filament canal. Each spermatozoon 
has doubled the length of the elongated spermatid. 
After the final transformation, eversion, is completed (4 days after 
insemination), mature spermatozoa are found in the oviduct (Figure 15). 
These spermatozoa are rrotile and are moving towards the ovary. However, 
whether this ovarian-directed movement is dependent on sperm motility, on 
oviductal muscular contraction, or possibly both is unknown. The motile 
spermatozoon is club shaped and can be subdivided into regions: motile 
organelle, club region, middle region, and posterior region (Figure 18). 
The motile organelle is a narrow projection-like structure (Figures lOD, 
lOE, and 18) located at the apical tip. This organelle is not evident 
before eversion, although its location must be at the anterior tip of the 
inner tube (Figure 13). The wide club region is approximately one-fourth 
the whole length and reaches a diameter of 8 µm at its widest point, 
whereas the thinner posterior region is about one-half the length and has 
an average diameter of about 2 µm over its whole length. The remaining 
one-fourth of the sperm length tapering from the club region to the pos-
terior region is the middle region. The entire spermatozoon is covered 
with longitudinal rows of cellular processes (Figure 18}. 
DISCUSSION 
Spermatogenesis in ticks is atypical in comparison with many taxa and 
results in spermatozoa of unusual morphology and an unique motility unre-
lated to flagellar, ciliated, or amoeboid movement found in many sperma-
tozoa. Since ixodid ticks have basic similarities in spermatogenesis, the 
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Figure 11. Cross section of several elongated spermatids representing 
the result of the third transformation - invagination. Each 
spermatid consists of an inner tube (IT) containing numerous 
mitochondria (M), an outer tube (OT), and cell membrane (CM). 
The nucleus (N) and a few mitochondria are located in the 
outer tube. The typhlosole-like structure in the inner tube 
is the groove-like depression observed in Figure 16. X 15000. 
Figure 12. Elongated spermatids. In t he anterior end, the groove-like 
depression is absent (*). X 20000. 
Figure 13. Elongated spermatids. Throughout the spermatid the cellular 
processes of the inner and outer tubes are distinguishable, 
but at the motile organelle (MO) they are located closer and 
are more difficult to distinguish. X 15000. 
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Figure 14. Elongated spermatids accumulating in the male seminal vesi-
cle. x 1000. 
Figure lS. Mature spermatozoa migrating through the oviduct towards the 
ovary. X 1000. 
Figure 16. Elongated spermatid (examined by Nomarski interference micro-
scope} from the female seminal receptacle one day after in-
semination. The sperrnatid has a pointed anterior end, a broad 
posterior end, and a lateral groove-like depression. X 1200. 
Figure 17. Elongated spermatid (examined b y Nomarski interference micro-
scope} from the female seminal receptacle 2 days after insem-
ination. Sperm maturation is resumed as inducated by the rup-
ture of the cell membrane (arrow). X 1200. 
Figure 18. Mature spermatozoon from the female seminal receptacle 3 days 
after insemination. The spermatozoon consists of a motile 
organelle (MO} , club region (CR) , middle region (MR) , and 
posterior region (PR}. X 600. 
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Figure 19. Longitudinal section of mature spermatozoon through the pos-
terior region. This region consists of the filament canal 
(FC) and the nucleus (N). The surface of the spermatozoon is 
covered with cellular processes (CP) associated with subsur-
face filaments (SF) under the plasma membrane. X 20000. 
following discussion can be related to this group although the informa-
tion specifically refers to the dog tick, VeJtmaQen;to~ va!Uabi.tLl. 
Events of spermatogenesis, including the transformations of spermio-
genesis, need to be placed in perspective. Primary spermatocytes form 
during the nymphal stage (Oliver, 1974) and are present in the unfed 
adult. Upon initiation of feeding by a host attached adult, these sper-
matocytes increase in size and by the 3rd day of feeding have undergone 
meiotic divisions and have formed spermatids. Spermiogenesis starts on 
the 4th day and completes the third transformation on the 6th day. On the 
2nd or 3rd day after insemination, the fourth and final transformation is 
initiated and is completed on the 4th day at which time mature motile 
spermatozoa are also found in the female oviduct. 
Before discussing the four transformations, a brief review on the 
origin of subsurface cisternae is necessary since the transition of these 
structures into cellular processes, the major motility organelles, is ob-
vious during spermiogenesis. These processes have been variously obsery-
ed by numerous investigators. The subsurface cisternae first appear in 
the growing primary spermatocytes and have been described as "abnormal 
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degeneration" (Christophe rs, 1906) , "future spermatozoa" (Bonnet, 1970), 
"tick ectoplasm" (Nordensk.iold,1920), "lipoplasm" (Tuzet and Millot,1937; 
Till, 1961) , "cilia formation" (Casteel, 1917) , "peripheral striations" 
(Sharma, 1944; Rothschild, 1961) and as membrane folds for an appropriate 
ratio between size and surface area of rapi dly growing spermatocytes 
(Khalil, 1970). Reger (1961, 1962) called these structures "subsurface 
cisternae", describing them as cup-shaped vesicles enclosed by membranes 
and located immediately beneath the cell plasma membrane. He identified 
endoplasmic reticula as the origin. This is doubtful since during sper-
matogenesis the spermatocy tes do not contain sufficient endoplasmic re-
ticula for forming the subsurface cisternae. Reger (1974) recently iden-
tified the Golgi complex as the origin of subsurface cisternae. However, 
in the present study during the formation of cisternae, the Golgi com-
plexes were not obvious and only became apparent after the subsurface 
cisternae had accumulated under the spermatocyte plasma membrane. Thus, 
this plasma membrane must be the source for the subsurface cisternae, a 
conclusion that agrees with the studies of Breucker and Horstmann (1972) 
and Oliver and Brinton (1972). 
The first transformation, polarization, was alluded to by Casteel 
(1917) and described primarily as the disappearance of striations (stri-
ated border) at one end of the cell. Recently, an accurate description of 
this process has been reported by Reger (1962) and Breucker and Horstmann 
(1972). Basically, polarization involves the movement of the nucleus to 
one end of the cell and the subsurface cisternae to the other end (Reger, 
1961, 1962; Rothschild, 1961). 
Immediately after polarization the second transformation, cisternal 
cavity formation, occurs. Reger (1962) and Breucker and Horstmann (1972) 
have shown that during this transformation in Amblyomma ciW~VriiLL and in 
O~rU_thodoflll6 mouba-ta the subsurface cisternae enclose a cavity; however, 
no elaborate description of this event has been presented. The present 
study demonstrates a thickening of each elongated subsurface cisterna at 
one end and an attachment of each end with a membrane. The enclosure of 
all subsurface cisternae by this membrane forms the cisternal cavity. The 
origin of this membrane may be from the cisternae but has not yet been 
proven. Further modification of the enclosed subsurface cisternae lead 
to the development of the presumptive "cellular processes". 
The third transformation, invagination of the cisternal cavity, leads 
to a rearrangement of the presumptive cellular processes and to an elon-
gation of the spermatid. The presumptive cellular processes become locat-
ed on the outside of the inner tube (which is the future anterior club 
region) and on the inner surface of the outer tube (which is the future 
middle and posterior regions of the mature spermatozoon) . During this 
invagination some cytoplasmic components, especially mitochondria, mi-
grate into the inner tube thus contributing to the explanation of how 
most mitochondria in the club region of the mature spermatozoon come to 
be located near the motile organelle. The nucleus elongates and migrates 
into the outer tube of the spermatid. Similar observations have been re-
ported by Breucker and Horstmann (1972) in O~thodo!u.L6 moubcd:a. The 
spermatids become elongated during invagination COliver, 1974; Oliver and 
Brinton, 1972) and upon completion of this process pass from the testicu-
lar lumen into the seminal vesicle. The completion of the third trans-
formation ends sperroiogenesis in the male tick. In a complex behavior 
pattern the spermatophore containing elongated spermatids is transferred 
to the female seminal receptacle, where the final transformation, ever-
sion, of spermiogenesis occurs. 
The events in the final transformation, eversion, are probably true 
in all ixodid ticks. The rupture of the cell membrane and the exposure 
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of the inner and outer tubes of each elongated spermatid doubles the 
length of the sperm and exposes the motile organelle and the cellular 
processes. Barut and Feldman-Muhsam (1976), who have examined many 
species of ticks (excluding V<ULJ'nac.. e.n;toJz. species) , refer to the eversion 
transformation as spermateleosis and describe the first step as the open-
ing of an operculum on the anterior tip of the elongated spermatid and 
the second step as the passing of the inner core (inner tube) through 
this opening. Such an operculum was not observed in our studies on Ve.tuna-
c..e.n;toJz. spermatozoa. The seminal receptacle seems to stimulate the resump-
tion of spermiogenesis, possibly by certain secretions that rupture the 
spermatid plasma membrane. Khalil (1969) suggested that secretions from 
the seminal receptacle cause the dissociation of the endospermatophore 
wall. 
Finally, after eversion is completed (4 days after insemination), the 
mature spermatozoa are freed from the seminal receptacle and move into 
the oviduct where sperm motility is observed (Brinton, Burgdorfer, and 
Oliver, 1974). This movement into the oviduct has been shown by Tatchell 
( 1962) in AJtga..6 pe.Mic.u.6 to be dependent on a chemical agent in the semi-
nal fluid. This agent causes contraction of the muscular layers in the 
oviduct. The mechanisms of sperm motility and the movements involved in 
this unique spermatozoon are truly fascinating. In motile spermatozoa 
the motile organelle exhibits various phases (stretching, retraction, and 
bending) and may be responsible for the movement of the spermatozoon as a 
receptor of stimulation while the cellular processes are responsible for 
the direction of movement. Sharma (1944) morphologically identified a 
conspicuous centrosome (centriole) at the sperm anterior tip and related 
it to sperm motility. Rothschild (1961) observed irregular movements of 
the anterior end or "head". Feldman-Muhsam and Filshie (1976) described 
in two species of 0'1.Jil,[thodoJz.o~ a hemispherical head covered with a hexag-
onal network of small projections. These authors also observed contor-
tions of this structure. Thus, the centrosome of Sharma and the "head" 
described by Rothschild and Feldman-Muhsam and Filshie are definitely the 
unique motile organelle described in this study. 
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AMPUTATED, FRAYED, AND SIDEBURNS: 
THREE NEW MUTANTS IN THE PIGEONl 
W. F. Hollander2 and W. J . Miller3 
ABSTRACT. Breeding data are given for three new spontaneous mutant types 
in the domestic pigeon, Columba l<.via , and gene symbols are proposed. 
Amputated (am) variably reduces tips of toes and wings and, rarely, the 
lower beak; it is recessive, autosomal, with reduced penetrance. Frayed 
(F) is autosomal, partially dominant; the homozygote resembling, but in-
dependent of, the silky plumage type. Sideburns (Sb) is autosomal domi-
nant, variably affecting feather direction on the head, with tendency to 
bulging cornea; penetrance is somewhat reduced. The homozygote may be 
usually late lethal, surviving examples showing constant head tremor. 
INTRO DU CTI ON 
During the many centuries of domestication, the pigeon, Col umba 
~via, has shown a wealth of variation. The species afforded Darwin much 
evidence on effects of selection, on reversion, and for inheritance 
theory (see especially Darwin, 1968). Genetic analysis, however, has been 
desultory, in part because of the birds' slow reproduction and low eco-
nomic value. The total number of identified mutants as listed in Levi's 
compendium (1957) was 35, some of which are multiple alleles. A majority 
of the mutants concern pigmentation differences and patterns. Mutants 
affecting structural features often are rejected as undesirable by fan-
ciers so that a study of these peculiarities has been accomplished mainly 
in laboratories. Maintenance of such mutants often is a matter of popu-
lation dynamics, and the mutants are likely to be lost. 
This paper reports three relatively new mutants affecting structural 
development. The first of these is likely to be only of laboratory in-
terest, although the other two may gain the support of fanciers. Our 
purpose is to present the history of each, together with breeding data. 
In addition to our own data we include records obtained by G. W. Dooley 
here incidental to research on other mutants (1968). The breeding tests 
have been conducted in individual mating cages. 
AMPUTATED (Figure 1) 
In 1945 W. H. Bernshouse, Manager of the Palmetto Pigeon Plant in 
Sumter, South Carolina, discovered several squabs having "mutilated" 
1Journal Paper No. J-9097 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa 50011. Projects No. 1380 and 1940. 
2Professor Emeritus, Department of Genetics, Iowa State University, Ames, 
Iowa. 
3Associate Professor, Department of Genetics, Iowa State University, 
Ames, Iowa. 
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Figure 1. Feet of three pigeons presumably homozygous for the "amputat-
ed" mutant. The upper specimen lacks claws of hind and inner 
toes, and one outer toe claw is rudimentary. The middle speci-
men lacks only the claw of one inner toe, but the claws of the 
other inner toe and both hind toes are de formed. The lower 
specimen is nearly normal but the inner claws are small and 
short. 
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toes. By 1948 he had identified five matings that produce d such young. 
His pedigree chart showed that all were related, belonging to the King 
breed of "auto-sexing" color variety. The defective type seemed to be 
recessive because the parents we re all normal, and Bernshouse decided to 
eliminate them all. The senior author obtained a male and a female of 
the defective type in 1948. 
Matings of the defective birds to normals produced a total o f 30 F1 , 
all normal. Sex linkage seemed excluded because the daughters of the 
abnormal male were normal. Simple re cessive inheritance was therefore 
expected, but a mating of F1 X F1 gave no abnormals among 17 F2. Five of 
these did not hatch, but were carefully examined. 
Back-crossing two of the F1 birds t o t he original abnormals gave 44 
classified young from 60 eggs. Six abnormals hatched, but none of the 
young that failed to hatch were abnormal. The ratio is clearly quite a 
departure from l : l expected f or a Mendelian recessive. Further test 
matings have given results that deviated similarly, but less spectacu-
larly; the data are summarized in Table 1. Also one mating has been made 
of two abnormal birds together: 17 young resulted (from 24 eggs), of 
which one was phenotypically normal. 
Table 1. Summary of breeding results involving the amputated mutant type 
Number o f 
Type of Mating Matin9:s 
Male x Female 
Normal * Abnormal 5 
Abnormal Normal* 4 
Total 9 
Normal Fi Abnormal 3 
Abnormal Normal F1 4 
Backcross Total 7 
Normal F1 Normal F1 5 
Abnormal Abnormal l 
















**chi-square calculated b y comparis on with expectations on the basis of 
simple Mendelian recessive segregation, with one degree of freedom in 
backcrosses and in F2. 
The variation in degree of abnormality has been very wide and seem-
ingly erratic. Most commonly , t he inner toe (second digit) of one or both 
feet lacked the claw and often was only a stump. Some birds retained the 
claw, but it was rudimentary or misshapen. More severely affected birds 
showed similar abnormality of most or all toes, as well as reduction of 
the digital portion of the wing. A few specimens had shortening of the 
lower beak so that the upper grew hooked, needing periodic trimming. At 
least one very abnormal young could not hatch because there was only a 
rudiment of lower beak. 
Although the data are not extensive, we consider this an example of 
reduced penetrance; that is, the variation of this phenotype overlaps the 
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normal. Genetic modifiers and environmental variables, especially the 
conditions of natural incubation, may account for the great variability. 
Also, in the earlier tests, probably some slightly affected young may 
have been incorrectly classified as normals. We have named the presumed 
mutant "amputated" and propose the symbol am. Whether the mutant effects 
a real amputation of embryonic structures or whether there is simply 
growth inhibition will have to be decided by further study of the embryo-
genesis. 
FRAYED (Figure 2) 
Figure 2. Rectrices. Above from left to right, a normal and four "frayed" 
(heterozygous) , each from a different bird. Below from left 
to right, a normal, a heterozygous frayed, a homozygous frayed 
(silky-like}, a silky (heterozygous), and an extreme silky 
(homozygous, after several months of wear). Note the close 
resemblance between homozygous frayed and heterozygous silky. 
THREE NEW MUTANTS IN PIGEON 113 
In a breeding test of a color-mosaic male pigeon #50Hl4868 (Hollan-
der, 1975), a son was produced in 1956 that had unusually "soft" or weak 
plumage over most of the body. The condition was reminiscent of the pre-
viously known "silky" mutant type, though less obvious. This "slightly 
silky" male was mated with a normal female and produced 15 young, of 
which 8 were of the "slightly silky" type. These showed the condition 
throughout the plumage; the original mutant male probably was mosaic for 
the abnormality. 
Breeding tests of the new type are summarized in Table 2. It is clear 
that outcrossing gives about 50% each of normal and abnormal progeny. 
Matings of the "slightly silky" birds inteJt .oe produce three classes of 
young in about a 1 : 2 : 1 ratio -- normals, slight silkies, and apparent 
silkies. This last Class, although indistinguishable from heterozygous 
silky phenotypically, produced only slightly silky young in outcrosses 
and therefore is homozygous for the new mutant. 
Table 2. Summary of breeding data involving t he frayed mutant. 
Number of 
Type of Mating Matings Progenl 
Male x Female Normal Frayed Silky-like 
Frayed Normal 17 48 55 0 
Normal Frayed 9 39 31 0 
Total 26 87 86 0 
Frayed Frayed 11 17 33 13 
Silky-like Silky-like * 1 0 0 21 
Silky- like* Normal 
* 
5 0 31 0 
Normal Silky-like 5 0 24 0 
Total 10 0 55 0 
Silky** Silky-like* 1 0 4 4 
Silky *** Normal 4 8 6 14 
* from frayed X Produced frayed. 
** Unrelated to frayed. 
***Produced by the mating just previous. 
Because of the similarity to silky, we suspected that the new mutant 
might be allelic to it. As a test of this possibility, we crossed a 
heterozygous silky with a homozygote of the new type. Some of the progeny 
were of the usual silky phenotype, and the others all slightly silky; the 
former were next outcrossed to normals. If the two mutants were allelic, 
no normal progeny should result. Of the 28 young from this test, 8 were 
definitely normal, 6 were slightly silky, and 14 were silky. We conclude 
that, despite their resemblance, the new mutant is not an allele of 
silky. Therefore, we have decided to give it a completely different name, 
"frayed," with genetic symbol F. 
The silky type previously bred by pigeon fanciers is a heterozygote 
(Cole and Hollander, 19391 ordinarily propagated in matings with normal. 
Homozygotes, produced by mating silkies together, are "fuzzy" in new 
plumage, but the feathers are so brittle that they soon wear down to 
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quills or break off and thus are not attractive. This disadvantage does 
not appear in homozygous frayed (FF) birds, and it seems likely that fan-
ciers may prefer them as a pure breeding type. Heterozygous frayed birds 
are quite capable of flight unless the plumage becomes damp. 
The precise nature of the frayed mutant effect is not known. Under 
the microscope, the structure seems normal, but stiffness is reduced, and 
there is some tendency for the barbules to twist, as also is true for 
silky feathers. We have observed in homozygous frayed feathers occasional 
areas where hooklets were shortened and blunted. 
No significant linkage tests have been attempted for the frayed mu-
tant except with the "spreading factor" S (see description in Levi, 1957) 
for which suggestive results were at first obtained. Final tabulation 
showed 18 recombinants out of 51 progeny, or 35% crossing over. The 
probability of true linkage seems low. 
SIDEBURNS (Figure 3) 
In normal pigeons the plumage is completely streamlined. Among do-
mestic breeds, whorling or reversal of feather direction in certain areas 
has been favored by fanciers and given names such as crest, hood, frill-
neck, rose or nasal tuft, etc. All these effects are dependent on mutants 
Frgure 3. Heads of two pigeons with the "sideburns" condition. Left: 
only the mandibular feathers show reversed directions. Right: 
mandibular and forehead feather reversal. (The darkened area 
of the iris is associated with piebaldness.) 
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r ecess ive to normal (Levi, 1957). A new type appeared in the senior au-
thor's colony in 1952, t he feathering on the sides of the lower beak be-
ing reversed . The parents of this mutant were both rather large Horner-
King mongrels and quite old -- the darn 9 years, the sire 7 and in poor 
health. The young bird was a male, and in a number of matings with nor-
mals he produce d many more of the new type, with some variation. Further 
tests (Table 3) demonstrated that the abnormality is not recessive as are 
other whorling t ypes, and that it is not sex-linked. The name "sideburns" 
and genetic symbol Sb have been chosen for it. 
Table 3 . Breeding data involving the sideburns mutant. 
Data group A from Miller, B from Hollander, and C from "U" 
records (Dooley) . Numbers in parentheses are sideburns progeny 
showing head tremor. 
Data No. o f 
Par en ts Group Matings Progeny 2** x p 
Mal e x Female Sideburns Normal 
Normal Sideburns A 15 41 * 51 1.1 .30 
B 10 17 28 2.7 .11 
c 12 15 18 . 3 .65 
Total 37 73 97 3.4 .07 
* Si deburns No rmal A 29 56 97 11.0 .001 
B 15 23 so* 10.0 .002 
c 11 34 28 .6 .45 
Total 55 113 175 13.4 .0003 
Sideburns Sideburns A ll 51 (7) 23 1.5 . 23 
B 2 10 (0) 11 
c 2 7 (1) 6 
Total 15 68 (8) 40 8.4 .004 
Si deburn s Normal A 1 10 (0) 1 
Tremor 
Sideburns Sideburns A 1 2 (1) l* 
Tremor 
*one or more phenotypic normals later proved heterozygous sideburns by 
progeny test (see text). 
**Chi - square values calculated by comparison with expected ratio on basis 
of simple Mendelian segregation with one degree of freedom. 
Variation in phenotype of the heterozygotes has been considerable . 
The whorling may extend to include the auricular feathers and sometimes a 
few feathers on the forehead (Levi, 1965). More rarely, the sides of the 
lower neck may be affected also. At the other extreme, some specimens 
show only- a few small reversed feathers or only on one side of the man-
dible . These variations had no relation to sex. Also we have breeding 
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results from several entirely normal-looking birds of both sexes of side-
burns descent showing that they transmitted the Sb factor, so that pene-
trance is not complete. 
In addition to the feather whorling, most sideburns specimens show a 
somewhat bulging cornea of the eye, but vision seems normal. Also, some 
respiratory rale is not infrequent despite absence of an infection. We 
attribute these conditions to pleiotropic action of Sb, simply on the 
basis of association rather than tests. 
We consider breed background important in expression of Sb. Crosses 
with the Modena breed have tended to minimize abnormality, while crosses 
with Tumblers or Rollers have tended to enhance expression. 
In view of the evidence for reduced penetrance , the deficiency of 
sideburns progeny from outcross matings (Table 3) is not surprising. 
However, the deficiency has been much more evident where the sideburns 
parent was the male. This strange effect was investigated further by 
grouping the breeding data according to sex of the sideburns grandparent; 
as shown in Table 4, the ratios again are most skewed where the grandsire 
was sideburns. 
Table 4. Summary of sideburns X normal segregation data grouped according 
to sex of sideburns grandparent. 
Progeny 
Transmission Number of x2 
Source of Sb Matings Sideburns Normal p 
(1) cl'-+ cl' -+a 36 80 130 11.9 . 0006 
(2) cl'-+~ _.a 20 49 70 3.7 .055 
(3) ~ -+ O"-+a 14 31 42 1. 7 .2 0 
(4) 0 -+ ~ -+a 9 25 22 . 2 .68 + 
(1) + (2) together 56 129 200 15.3 < .0001 
( 3) + (4) 23 56 64 . 5 . 47 
(1) + (3) so 111 172 13.2 .0003 
(2) + (4) 29 74 92 1.9 .17 
aFor (1), (2), (3), and (4) 
--+present progeny. 
Sb transmission from grandparent --+ parent 
In retrospect, more matings involving female sideburns would have 
been statistically desirable. The discrepancy between numbers of matings 
involving sideburns males as opposed to sideburns females is explained, 
at least in part, by our tendency to use first-sexed birds (usually 
males) in matings. There was no significant disturbance of sex ratios, 
and the breeding success of sideburns females was equivalent to that of 
sideburns males and of normals. We incline, therefore, to the opinion 
that the aberrant progeny ratio from sideburns males as compared with 
females is important. 
Matings of sideburns X sideburns have produced at least 10 progeny 
exhibiting head tremor, some so pronounced that the bird has difficulty 
in eating and other activities. The motion of the he a d is complex --
sideways, up and down, and a wobble with 11 cephalic nystagmus. 11 The beak 
may describe oscillations as much as an inch. The motion is continuous, 
only varying in intensity with excitement. The birds fly reluctantly, and 
the direction tends to be erratic. Walking also is somewhat uncertain and 
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may resemble "waltzing" when the birds are disturbed. Histological exam-
ination of the brain of a tremorous specimen by Dr. David L. Graham, 
pathologist in the College of Veterinary Medicine , Iowa State University, 
has not revealed a structural anomaly. 
There is a marked deficiency of sideburns progeny from matings of 
sideburns X sideburns (Table 3), and it seems likely that hornozygotes are 
usually unable to survive hatching and early growth periods. Hollander 
and Miller (1978) have postulated that the tremor birds are surviving 
horrozygotes. Tests have been difficult to obtain because the birds are 
practically unable to breed; only two matings have produced progeny 
(Table 3), and the data are not decisive. On the other hand, no "ordi-
nary" sideburns specimen from sideburns X sideburns parentage has as yet 
proved to be homozygous. 
We have recombined sideburns with numerous other mutants but have so 
far avoided complication with those producing whorling, such as crest. No 
significant linkage tests have been made. 
Fanciers may propagate this mutant in the future as it becomes better 
publicized because it is uniquely an American novelty, and intriguing . 
DISCUSSION 
All three mutants here reported were "spontaneous" -- i.e., of un-
known cause. Presumably they are "point" mutations rather than chromo-
somal aberrations, but the behavior of sideburns is unusual enough to 
warrant further chrorrosomal investigation. Analysis of mutants and other 
genetic variation in the pigeon is tantalizingly slow work and often im-
possible to complete. Nevertheless, it also is fascinating, and as long 
as the pigeon fancy continues, we can expect more challenges of this 
sort. The climate of biological ignorance may even change enough for 
effective participation in such analyses by able fanciers. 
Difficulties of classification of phenotypes are well illustrated by 
both the arrputated and the sideburns mutants. In addition to the usual 
explanations that may be offered for variability, such as modifying fac-
tors and environmental and maternal influences, there is another corrpli-
cation: rrosaicism resulting from bipaternity (Hollander, 1975). The 
importance of this phenomenon is difficult to evaluate, but may be con-
siderable when the parents are not homozygous and alike. 
The appearance of head tremor i n the presumptive homozygous sideburns 
individuals was quite unexpected. It may be especially interesting to 
psychologists using pigeons and to neuropathologists, despite its poor 
reproductive ability. 
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CALCULATION OF SOIL MOISTURE AND 
STRESS CONDITIONS IN 1976 AND 19771 
R. H. Shaw2 
ABSTRACT. Unusually deep rooting of corn occurred in both 1976 and 1977. 
Changes made in the procedure for calculating soil moisture, which allow-
ed for rooting down to 213 cm, gave excellent yield predictions in 1976. 
Previously only the 152-cm depth had been used for rooting. The calcula-
tions showed that stress developed very early in 1977, and became severe 
enough to affect pollination. A similar condition had occurred only a 
very few times in the previous 23 years of sampling. Changes also were 
made in calculating the daily moisture stress, which made the degree of 
stress more closely related to the reduction in the actual evapotranspi-
ration from the potential evapotranspiration. A new stress index-yield 
equation was developed that included these modifications in the program. 
INTRODUCTION 
The growing seasons of 1976 and 1977 placed conditions on corn that 
were unusual for Iowa. In both years , spring rainfall was generally low 
and provided soil-moisture conditions that encouraged early and rapid 
root development. The combination of this weather with a high level of 
technology and present-day hyb rids resulted in what was believed to be 
unusually deep rooting of corn in most of Iowa. This deep rooting was 
very beneficial because summer rains were low in many areas, and the deep 
rooting made more water available. 
In 1977, corn process was unusually rapid in the spring, and in some 
areas, h igh-stress conditions developed before tasseling, a condition 
that has occurred on only a few occasions since soil-moisture sampling 
was started in 1954. After a very severe stress period in some areas in 
July, unusually heavy rainfall occurred in August. 
The soil-moisture program for corn in Iowa has used a 152-cm-deep 
rooting profile, but with the condition that in wet years it does not ex-
tract moisture below 122 cm. No provision has been made, however, for 
extracting moisture below 152 cm in dry years when deeper rooting occurs. 
The soil-moisture program has done a good job of predicting soil 
moisture in Iowa (Shaw, 1963; Shaw, Felch, and Duncan, 1972) and has 
allowed for calculation of a stress index highly correlated with corn 
yields (Shaw, 1974). It was not surprising that the stress-index calcu-
lations using only the 152-cm depth did not predict yields well in 1976 
and 1977. It seemed that the problem resulted from a lack of accounting 
for deeper rooting. Moisture samples taken in late July of 1976 showed 
little or no available moisture in the 152-cm profile, yet corn plants 
seemed in very good condition and had shown signs of only limited mois-
ture stress. Deeper rooting has occurred on other occasions. Field ob-
servations at the Western Iowa Experimental Farm in 1975 showed soybean 
1Journal Paper No. J-9116 of the Iowa Agriculture and Home Economics Ex-
periment Station, Iowa State University, Ames, IA 50011, Project 1989. 
2Professor of Agricultural Climatology , Ag ronomy Department, Iowa State 
University, Ames, Iowa. 
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r(X)t penetration to 180 cm (Sivakumar, Taylor, and Shaw, 1977). Moisture 
extraction to 213 cm under corn was observed by Nicholson (Private Commu-
ni c ation) in 1953 near Bloomfield. 
This paper reports on how the 1976 and 1977 problems were handled in 
the soil-moisture and stress calculations and on modifications made in 
the computer program. 
PROCEDURES 
The soil-moisture program developed by Shaw (1963} and the weighted-
stress index (Shaw, 1974) provided the basic procedure for the calcula-
tions. Soil-moisture data collected in 1976 and 1977 at the soil moisture 
sites provided the basic data for those two years. Yield data obtained 
at each site also were available. The soil-rroisture program provided the 
starting point for all calculations. If the 152-cm rooting depth was 
use d , no change was necessary. When the 213-cm depth was used, the pro-
gram required modification to allow for the deeper extraction. In real-
ity, a gradual rooting-depth increase should be assumed, but it was much 
simpler to adjust the program by assuming all the water from 152 to 213 
cm be c ame available at the same time. Th.is approach did not require 
rewriting of the rather complex program. It was believed this introduced 
only a minor error in the final answer. When the roots reached the 137-
to 152-crn depth (just after silking in the program) all available mois-
tu r e from 137 to 213 cm was asst.uned available. This was accomplished by 
mo difying the control cards for starting soil moisture and field capacity 
for the 137- to 152-cm increment by adjusting the available moisture to 
in c lude all available from 137 to 213 cm, and adjusting the field capac-
ity c ard to include field capacity for the same depths. In 1976, the 
available soil moisture at the deeper depths was usually estimated as 
field capacity, but if previous moisture samples indicated amounts less 
than field capacity present, these amounts were used. In 1977, many sites 
were not at field capacity at the deeper depths. Some locations were 
measured by sampling. Others were estimated from previous samplings taken 
down to 152 cm. Some adjustments were also made in 1977 in the procedure 
for calculating surface evaporation. These will be covered later in the 
discussion. 
The weighted-stress index was then calculated for each site (Shaw, 
1974) and the yield estimated from the equation: 
y = 9119 - 90.3 x [l] 
where y is the yield in kg/ha and x the seasonal weighted-stress index. 
This equation gives a top yield of 9119 kg/ha. Certain moisture sites 
have consistently shown higher yields under low-stress conditions. The 
estimated yield at these sites was adjusted to a no-stress, base yield of 
10,035 kg/ha by the ratio 
calc. yield (base 9119) 
9119 
calc. yield (base 10,035) 
10,035 
[2) 
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RESULTS AND DISCUSSION 
1976 
Although the midsummer soil-moisture data in 1976 indicated that 
soil-moisture extraction must be occurring below 152 cm, the real impact 
of this was not realized until the first set of soil-moisture calcula-
tions was made and the stress index and estimated yield computed. The 
relationship shown by the dashed line in Figure 1 was found; a consider-
able departure from previous relationships, which were close to the 1 to 
1 line. Corn yields were estimated to be much lower than the actual 
yield, except for a few datum points that plotted close to the 1-1 line. 
Utilization of moisture deeper than 152 cm would reduce the stress index 
and increase the estimated y ield. Very little information was available 
as to the depth that should be used, but since earlier work referenced 
showed little or no extraction below 213 cm, the decision was made to in-
clude available moisture to that depth. 
The next question to be considered was how many sites had growing 
conditions in the spring that would encourage the deeper rooting. A count 
of the number of occurrences when the 152-cm profile reached field capac-
ity in April, May, or June was made. All sites where field capacity was 
not reached in any of these months were considered to have the potential 
for deeper rooting, and the 213-cm profile was used. The sites where 
field capacity was reached were in southwestern and south-central Iowa 
where enough rain fell to bring the soil to field capacity. Where the 
soil reached capacity more than once, rooting was considered to be 
affected, and only the 152-cm profile was used. Locations where capacity 
was reached only once were considered marginal, but assumed to have deep 
rooting. The stress index and estimated yield were then calculated for 
all sites. These results were also shown in Figure 1. The six sites where 
the 152-cm profile was used are designated on Figure 1. Two other sites 
had soybeans growing on the plot area. The Moody Research Center site 
(COM rotation) was estimated to have no moisture below 152 cm, and that 
depth was used as the rooting depth. 
The sites that did not reach field capacity to the 152-cm depth in 
1976 were also examined as to how often the top 30 cm, or rooting zone 
(which was not the full 152-cm depth this early in the season) , reached 
capacity in May and June. Nine sites had no occurrence of any depth 
reaching field capacity. Twenty-one reached capacity at least once in 
May, but not in June. Except for the few major rains that brought these 
depths to capacity, May was generally dry. The criteria used for deeper 
rooting cannot be considered as final until more years of data are avail-
able. In the early years of sampling, technology and hybrids may have 
imposed limits on the rooting depth, but the potential for deep rooting 
is now present, weather permitting. 
1977 
In 1977, both the 152-cm and 213-cm depth of rooting were used 
according to the criteria developed for 1976 data. A plotting of the 
yields estimated from the stress index versus the harvested yield is 
shown in Figure 2. At the high-yield level, the points were scattered 
around the 1-1 line. At yields below about 6,000 kg/ha, the estimates 
were generally below the harvested yield. An examination of the stress 
index showed that unusually high stress occurred before silking, some-
thing that had rarely happened since soil-moisture sampling was started 
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in 1954. All points where more than one of the three 5-day periods just 
before silking had a stress index of 3.0 or greater (maximum for a 5-day 
period is 5.0) are designated on Figure 2 with a circle. It was believed 
this high stress caused pollination problems, which reduced the yield . 
Of 12 such sites, 11 had yields lower than predicted, but it was impos-
sible to predict how much lower. There were only 13 such occurrences in 
all the sites sampled in the previous 23 years of sampling (450 site-
years). 
Another point should be made about Figure 2. Yields at four sites 
in the south-central Iowa area (Corning, Ottumwa, Chariton, and Bloom-
field) were estimated as having yields much higher than those sampled, 
but the calculations did not indicate any pollination problems. All had 
conditions indicating that the 213-cm rooting profile should be used. If 
rooting was assumed to be only 152-cm deep, the yield estimates were much 
closer to the harvested yield. These sites all had similar characteris-
tics for 1977: The crop got off to an excellent start, then deteriorated 
rapidly in July. They all have fairly heavy subsoils. Possibly the soil 
conditions did not permit root development to occur fast enough, or deep 
enough, to provide the water needed under the high-demand conditions that 
occurred in July. Depth of rooting could not be checked because heavy 
August rains saturated the profile. The Cedar Rapids site was in grain 
sorghum. The yield estimate used is for corn in the surrounding area, 
which made about 5,800 kg/ ha, if it silked, according to observations 
made in the area. Calculations indicate that stress occurred at this site 
but was not severe enough to meet the criteria set for pollination prob-
lems. 
One other situation developed in 1977 that pointed out an inconsis-
tency in the calculation procedure. In calculating soil moisture, surface 
evaporation of up to 2.54 mm/ day was allowed from the top 15.2 cm, if a 
shortage of deeper moisture limited the water lost. When originally de-
veloped, only the percentage available moisture in the root zone was con-
sidered in determining the degree of stress. It was based on the concept 
that stress was proportional to the reduction in actual evapotranspira-
tion from the potential evapotranspiration that would occur if no stress 
were occurring. Later it was found that consideration had to be given to 
the moisture in the top 30 cm of soil when computing stress. Recent rains 
could have given a high percentage of available moisture in the top 30 
cm, but, because of little available moisture at the greater depths, the 
percentage of available moisture in the root zone was very law. Using the 
root-zone percentage gave too high a degree of stress. A simple loop was 
added to the program, which computed the percentage available in the top 
30 cm, or root zone, and used the highest of these to calculate the 
stress index. If the top 30 cm was higher, the procedure calculated ano-
ther value of evapotranspiration, which was used to calculate the stress 
index, i.e., it was possible for one ET value, plus surface evaporation, 
to be used to calculate soil-moisture loss, and another value used to 
compute stress. In a year such as 1977, this gave too much importance to 
the top 30 cm, when the lower part of the profile was very dry. 
The 1977 data were calculated by using the following equation: 
stress index per day = 1 - (STET+ EVAP)/ET [3] 
ET is the value obtained by multiplying the class A, open-pan evaporation 
by a crop stage or time factor to give the water lost by ET with no 
stress. STET is the actual ET computed under the moisture conditions 
present and equals ET if no stress present; under that condition, EVAP is 
zero. EVAP is the evaporation from the top 15.2 cm of soil, whi ch can 
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occur if water is available, and if STET is less than ET. In the soil-
moisture calculations, a maximum of 2.54 mm is set for this value. How-
ever, EVAP is not considered as effective in reducing moisture stress as 
is water lost by ET, and adjustments were made when calculating the 
stress index. Under high-atmospheric-demand conditions (pan evaporation 
> 0.76 cm) and STET~ 0.10 cm, zero evaporation is used, otherwise add 
all evaporation when evaporation < 0 .13 cm and add 0.13 cm when evapora-
tion ~ 0.13 cm. The effect of calculating the stress index in this manner 
is to cause no change from the present index if the percentage of avail-
able moisture in the root zone is adequate to meet the atmospheric de-
mand; i.e., if soil moisture is adequate, it has no effect. It also has 
no effect if there is no water available for e v aporation in the top 15.2 
cm. Under other conditions with available water in the top 15.2 cm, the 
modifications will reduce the stress index when moisture supplies are 
relatively good, and increase the stress index under very dry conditions. 
Revised Stress Index-Yield Equation 
A new regression equation was calculated to include the revisions 
discussed in this paper. Only data after 1971 were used, so that present 
day technology would be represented. The varying rooting depths were 
used. Wynne (Wynne, Richard T., 1976, Soil moisture characteristics of 
some common Iowa soils. M.S. Thesis, Iowa State University Library, Ames, 
Iowa, 50011) has shown differences in the moisture-retention characteris-
tics of major Iowa soils, but to simplify the soil-moisture calculations, 
only one set of characteristics, that for a Nicollet silt loam, is used. 
Calculations for a sample of 97 different sets of soil-moisture measure-
ments, using the moisture characteristics of a Nicollet silt loam and a 
Colo silty clay loam, showed a difference in estimated yield of 585 kg/ 
ha. Because the moisture characteristics of the Colo soil differed appre-
ciably from the other soils measured, the differences between Nicollet 
and most of the better Iowa soils would be much smaller. The author esti-
mated the average difference to be less than 300 kg/ha, although calcula-
tions were not made. This is a small effect compared with the large dif-
ferences that result from different weather patterns. 
The daily stress index was then calculated by the procedure used for 
Equation 3, and weighted as done previously. The relation for 36 sites, 
which represent a wide range of moisture conditions, is shown in Figure 
3. The new stress-yield relation is: 
y = 9682 - 118.6 x [4] 
where the yield is expressed in kg/ha and x is the weighted-stress inde~ 
summed over an 85-day period. Future calculations will be made using this 
relation. 
Both the old and new stress indexes were calculated for these data. 
The old index can be converted to the new index by the relation. 
new index - 2.92 + 0.831 x, r = 0.96 [5] 
where x is the weighted index previously used. 
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THE RELATIONSHIP OF EVAPOTRANSPIRATION TO OPEN-PAN 
EVAPORATION THROUGHOUT THE GROWTH CYCLE OF SOYBEANSl 
C. D. Stanley2 and R. H. Shaw3 
ABSTRACT. Potential evapotranspiration/open-pan evaporation ratio curves 
were developed for different varieties of soybeans for their entire 
growth cycles. The effect of time of planting on the ratios was studied 
by using three different planting dates. 
Results showed that a direct relationship existed between leaf area 
and the ratios, with the maximum ratios being reached shortly after maxi-
mum leaf area indexes were reached. Maximum values for the ratios ranged 
from .91 to 1.10 depending on the variety and planting date and were 
reached during the R4 and RS growth stages. Small differences were de-
tected between the varieties used in the study. 
INTRODUCTION 
In 1954 a soil-moisture program was initiated in Iowa, which involved 
the periodic collection of soil-moisture data over the state, with empha-
sis on sites where corn was grown. As a result of this program, it was 
possible to develop a computer program by which the soil moisture under 
corn could be evaluated (Shaw, 1974). The next goal of this program is 
to develop similar programs for soybeans. 
Corn and soybeans have obvious differences in their physical appear-
ances, but they are both long-season crops and should have the same gen-
eral, but not identical, patterns of water use. In the corn soil-moisture 
program, one of the meteorological parameters used is class A open-pan 
evaporation. This evaporation value is converted into evapotranspiration 
by multiplying by a factor that changes with the stage of crop develop-
ment. This paper reports on experiments that were conducted to help 
determine this factor for soybeans. 
The relationship between the potential e v apotranspiration and the 
open-pan evaporation (PET/ open-pan evaporation ratio) for a crop has 
proved valuable for conversion of potential evapotranspiration into terms 
more useful for crop-water use and yield estimations. Denrnead and Shaw 
(1949) developed a curve that could be used to convert class A open-pan 
evaporation to the potential for evapotranspiration with soil moisture 
not limiting for transpiration. This is not the classical potential 
evapotranspiration (PET) , which assumes a complete ground cover and water 
never limiting. In their case, water was not limiting to the roots for 
transpiration, but could be limiting for soil surface evaporation. Ex-
tended dry periods were excluded to avoid effects on transpiration, and 
1Journal Paper No. J-9115 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa 50011. Project No. 1989. 
2Graduate Assistant, Agricultural Climatology, Agronomy Department, Iowa 
State University, Ames, Iowa. 
3Professor of Agricultural Climatology, Agronomy Department, Iowa State 
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the ground surface was not completely covered b y the crop. The relation-
ship would be expected to be somewhat different for soybeans, which are 
planted later than corn but develop a higher leaf area index (LAI) (5-7 
fqr soybeans, 4-5 for corn at the maximal values), then lose their leaves 
at maturity. 
Laing (1966) showed a good correlation between the PET/open-pan evap-
oration ratio and the leaf-area index for soybeans throughout the growing 
s e ason. His results were obtained from plants grown in containers with 
restricted rooting volume. Row spacing and population can affect the re-
lation between soil evaporation and transpiration (Tanner et al., 1960). 
Tirmnons et al. (1966) showed that a lower population resulted in more 
soil evaporation. 
The PET/open-pan evaporation ratio will vary during the growing sea-
son. Chang (1968) suggested the season should be divided into three 
stages: vegetative, floweri ng, and fruiting. In the early vegetative 
stage incomplete . cover allows for more evaporation from the soil than 
would occur with a complete cover. The ratio will be relatively low dur-
ing this period unless the soil surface is kept constantly wet. During 
flowering or maturing, t he ratio will vary from .75 to 1.15 depending on 
the crop . The ratio will decrease as the crop matures. 
Laing (1966) showed a maximum ratio near 0.90 . Middleton (1967) found 
that . the ratio went over 1.0 during some stages. This is possible because 
the evaporation pan has a smooth water surface owing to the protecting 
rim, while a crop surface has more roughness. Warm air advection would 
have roc>re effect on the crop than on the pan because of the roughness of 
the surface (Chang, 19611. 
PROCEDURE 
The research area used was located on the Hinds Irrigation Farm near 
Aines, Iowa, on a Huntsville silt loam topsoil with a silty clay loam sub-
soil to the fifth foot, below which. the soil became very sandy. An area 
55 x 82 m was planted to soybeans in 1973 and 1974. The area was divided 
into thirds, with two varieties planted in three replications on three 
different planting dates. The planting dates for 1973 were May 18, May 
30, and June 14. The dates in 1974 were May 24, June 7, and June 25. A 
row spacing of 76 cm was used. The varieties Hawkeye (relatively narrow, 
upright leaf) and Rampage (large horizontally oriented leaf) were used in 
1973. In 1974 the variety Hark was substituted for Hawkeye because of its 
even more narrow and upright leaf. The two varieties allowed some evalu-
ation of leaf-morphology differences on evapotranspiration. Rows were 
oriented east-west with replications running north-south. Each planting 
date-variety plot within a replication was 9.1 x 14.5 m. 
Soil rnoisture changes were measured with a Troxler Depth Moisture 
Gauge. Thirty-six access tubes were located in the plot area giving two 
per variety within a replication. Each datum point shown later is the 
mean of six access-tube readings. The two tubes in each replication were 
located such that one was in the row and one between the rows. Neutron-
probe soi l measurements were taken down to the 122-cm depth at 30-cm in-
tervals, twice weekly, with gravimetric soil moisture determinations 
taken in the top 15 cm. Because the zone of influence of the moisture 
gauge is approximately a sphere with a radius of 15 cm, soil moisture 
changes were measured to the 137-cm depth. Measurements were not taken 
deeper be c ause of problems with water seeping into the tube at a coupling 
joint below the ground surface. This was done as a precaution to prevent 
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the probe accidentally coming in contact with water. Whenever water was 
found in the tubes it was removed. Although it would have been desirable 
to have measurements somewhat deeper, it was believed the depth used rep-
resented the depth of rroisture extraction, because the moisture in the 
top layers was kept near an optimum level for growth by rainfall and 
irrigation. The PET/open-pan evaporation ratio was calculated for a depth 
estimated to be slightly below the actual rooting depth, estimated from 
data of Mitchell and Russell (1971). This avoided including sampling 
errors at depths below which the plants were extracting water. The evapo-
transpiration for each period was taken as the difference between the 
soil moisture readings plus any precipitation or irrigation that occur-
red. Only those periods where it could be assumed that rroisture did not 
move below the rooting depth could be used. The arrount of pan evaporation 
from the evaporation pan at the Agronomy-Agricultural Engineering Re-
search Center at Iowa State University for each period was computed and 
the PET/pan evaporation ratio determined. 
During 1974 there were some very high demand periods, and it was 
believed the plants encountered some moisture stress. Data from these 
periods were not included in the analysis. 
RESULTS AND DISCUSSION 
Experimental problems were encountered in 1973, and only limited data 
were collected. Heavy rains aggravated the problem. The data indicated 
the maximum PET/open-pan evaporation was 0.98 and was reached between 
stages R4 and R5 (Fehr et al., 1971). These stages occurred between 70 
and 76 days for the May 18 planting, 72 to 83 days for the May 30 plant-
ing, and 81 to 90 days for the June 14 planting. This longer period to a 
particular stage with late planting was not expected and may be a result 
of the particularly abnormal growing season with respect to the weather. 
A typical set of the 1974 data are shown in Figure 1, with the 
points where moisture stress was estimated to have occurred designated. 
These data points were not used in drawing the curve, which was drawn by 
fitting a curve by eye to the data points. (A mean was calculated for 
selected time intervals to aid in fitting.) Considerable scatter is evi-
dent, but should be expected with the technique used for measuring soil-
moisture change. Scatter for the second planting date was less than for 
the first planting date. All curves showed the same tendency for the 
maximum ratio to occur shortly after the maximum LAI was reached. 
The difference between varieties was relatively small for a planting 
date, so an average curve was drawn for the combined variety data for 
each sampling date. The data for the second planting date are shown in 
Figure 2. 
The composite variety curves for the three planting dates are shown 
in Figure 3. The first and second planting dates reach about the same 
maximum ratio (1.06) with the second planting taking 10 days less time to 
reach this point (approximately 76 compared with 86 days). Stage R5 was 
reached in 76 and 83 days for the first and second plantings in 1973. The 
third planting took less time and reached a maximum ratio of 1.0. In 
addition to date of planting, varieties with a wider range of maturities 
than those tested here would show a time difference in reaching the maxi-
mum ratio. 
The 1974 data were replotted in terms of percentage of maximum leaf 
area for the first and second plantings for both varieties. These data 
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included because of extreme variability for both varieties. Figure 4 also 
indicates that the maximum leaf area would be a possible reference point 
over a limited range of planting dates and maturity range. Unfortunately, 
under general field conditions this cannot be measured. The best field 
measurement would seem to be the stage of development, R4 or RS, but this 
observation is rrore difficult and time consuming than observing silking 
date in corn. 
SUMMARY 
Results from data collected during the 1973 season, despite diffi-
culties, indicated that a maximum PET/open-pan evaporation ratio of .98 
occurred during growth stages R4 and RS for soybeans. 
Results from data collected during the 1974 season showed direct 
relationships between leaf area and PET/ open-pan evaporation ratios. 
Small varietal differences were found in terms of maximum ratios. Maxi-
mums for the ratios ranged from .91 to 1.10 depending on variety and 
planting date and were reached shortly after maximum leaf areas were 
reached. Data from the first and second planting dates were combined by 
using a method that plots ratios versus the percentage of maximum leaf 
area index. Field detection of maximum PET/open-pan evaporation ratios 
would seem to be best accomplished by observation of R4 or RS growth 
stage occurrence for soybeans. A more easily applicable method needs to 
be developed to account for variety and seasonal development. In corn, 
for example, tasseling or silking provides an easy observable factor. 
LITERATURE CITED 
Chang, Jen-Hu. 1961. Microclimate of sugarcane. Hawaiian Planters' Rec-
ord 56:195-223. 
Chang, Jen-Hu. 1968. Climate and agriculture. Aldine Publishing Com-
pany, Chicago, Ill. 
Denmead, 0. T., and R.H. Shaw. 1959. Evapotranspiration in relation to 
the development of the corn crop. Agronomy Journal 51:725-726. 
Fehr, W. R., c. E. Caviness, D. T. Burmood, and J. S. Pennington. 1971. 
Stage development descriptions for soybeans. Glyc)_ne max (L.) Merr. 
Crop Science 11:929-931. 
Laing, D. R. 1966. The water environment of soybeans. Ph.D. Thesis. 
Iowa State University, Ames, Iowa. 
Middleton, J. E., W. O. Pruitt, P. C. Crandall, and M. C. Jensen. 1967. 
Central and western Washington Consumptive use and evaporation data, 
1954-1962. Washington Agriculture Experiment Station Bulletin No. 
681. 
Mitchell, R. L., and W. J. Russell. 1971. Root development and root pat-
terns of soybeans [Glyc)_ne max (L.) Merrill] evaluated under field 
conditions. Agronomy Journal 63:313-316. 
Shaw, R. H. 1963. Estimation of soil moisture under corn. Iowa Agricul-
ture Harre Economics Experiment Station Research Bulletin No. 520. 
Shaw, R. H. 1974. A weighted moisture-stress index for corn in Iowa. 
Iowa State Journal Science 49:101-114. 
Tanner, C. B., A. E. Peterson, and J. R. Love. 
a corn field. Agronomy Journal 52:373-379. 
Timmons, D.R., R. F. Holt, and J. T. Moraghan. 
population on yield , evapotranspiration, and 
the northwest corn belt. Ib~d. 58:429-432. 
1960. Radiant energy in 
1966. Effect of corn 
water use efficiency in 
ICMA STATE JOURNAL OF RESEARCH / NOVEMBER, 1978 
Vol. 53, No. 2 
137-145 
EUROPEAN CORN BORER 1 : RELATIONSHIP BETWEEN LEAF-FEEDING 
DAMAGE AND YIELD LOSSES IN INBRED AND SINGLE-CROSS CORN 213 
E. c . Berry4 , w. D. Guthrie5, and J. E. Carrpbell6 
ABSTRACT. The relationship between leaf-feeding damage by first-genera-
tion European corn borers, O~.t!Unia nubila.LW (HUbner), and yield losses 
in two inbred lines of dent corn and the single-cross hybrid that they 
produce was determined in 1969 and 1970. In 1969 there was a highly sig-
nificant relationship between leaf-feeding damage and yield for the two 
inbreds; WF9 yielded 56.l quintals / hectare (q/ha) in the absence of leaf-
feeding damage and was reduced in yield by 1.2 q/ha for each unit in-
crease in leaf-rating value above the base level of 1. B37 yielded 39.8 
q/ha in the absence of leaf-feeding damage and was reduced in yield by 
0.7 q/ha for each unit increase in leaf-feeding value . In 1970 there was 
a highly significant linear relationship between leaf-feeding damage and 
yield for all t hr ee corn genotypes . In th e absence of leaf-feeding dam-
age, WF9 yielded 33.3 q/ha, B37 yielded 27.0 q/ha, and 1/JF9 x B37 yielded 
82.7 q/ha; yield was reduced in all three genotypes by 1.4 q/ha for each 
unit increase in leaf-feeding damage. 
A highly significant relationship was found between yield and the 
percentage of plants showing leaf-feeding injury in five of the six ex-
periments. The regression lines indicated that yield reductions of sub-
stantial nature occurred as a result of 50% of the plants showing leaf-
feeding injury. 
INTRODUCTION 
First-generation European corn borers, O~.t!Unia nubilal.,{,o (Hubner), 
cause decreased yields of corn, Zea may~ L., primarily by leaf feeding of 
first-, second-, and third-instar larvae and by sheath-collar, midrib, 
and stalk feeding of fourth- and fifth-instar larvae. Heavy infestation 
by first-generation borers has decreased yields of susceptible single 
crosses by 19 q/ha (Penny and Dicke, 1959) and has decreased yields of 
susceptible inbred lines of corn by 7.5 q/ha and resistant inbred lines 
by 1.7 q/ha (Fleming et al., 1958). 
1Lepidoptera: Pyralidae. 
2Joint contribution: Federal Research, Science and Education Administra-
tion, USDA, and Journal Paper No. J-9175 of the Iowa Agriculture and Home 
Economics Experiment Station, Ames, IA 50011. Project No. 2183. 
3Mention of a pesticide in this paper does not constitute a recommenda-
tion of this product by the USDA or its cooperators. 
4Research Entomologist, Federal Research, Science and Education Adminis-
tration, USDA, Ankeny, IA 50021. 
5supervisory Research Entomologist, Federal Research, Science and Educa-
tion Administration, USDA, and Professor, Department of Entomology, Iowa 
State University, Ankeny and Ames, IA. 
6Formerly graduate student,Iowa State University ; presently"Entomologist, 
Pioneer Hi-Bred International, Inc., Johnston, IA 50131. 
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The purpose o f the present study was to determine: (1) the relation-
ship between the intensity of leaf-feeding injury from first-generation 
populations and yield, and (2) the relationship between percentage of 
plants showing noticeable first-generation leaf-feeding injury and yield. 
MATERIALS AND METHODS 
Inbred lines of dent corn (WF9 and B37) and the F1 progeny (WF9 x 
B37) were planted in separate experiments in 1969 and 1970; the corn was 
hand-planted on 76.2-cm centers, and hills within a row were spaced 50.8-
cm apart. Stands were thinned to obtain a final plant population of 
51,020 plants/hectare. 
Each experiment was designed as a randomized complete block with five 
replications. Fourteen levels of corn borer infestations were established 
on the plots. Plants in treatments 1-3 received 10, 20, and 50 egg masses 
per 100 plants, respectively; egg masses were applied at random. Plants 
in treatments 4-8 received 100, 160, 320, 640, and 1300 egg masses per 
100 plants, respectively, with each plant within a plot receiving ca. the 
same number of egg masses. Plants in treatments 9 (treated with 1.1 kg AI 
DDT/ha), 10 (treated with 1. 7 kg AI carbaryl/ha) , and 11 (treated with 
1.1 kg AI carbaryl/ha) were treated with an insecticide as described by 
Berry et al. (1974) to keep the plants free of corn borers. Plants in 
treatments 12-14 were infested by the natural corn borer population. The 
natural borer infestation was light both years; plants in treatments 9-
14, therefore, had little borer infestation. During the period of natural 
second-generation oviposition, all plots received DDT treatments to mini-
mize natural second-generation infestation. 
Treatments 1-8 were artificially infested with borer egg masses dur-
ing the whorl stage of plant development, as described by Guthrie et al. 
(1971). Leaf-feeding ratings were made (on an individual-plant basis, 40 
plants/plot) in classes 1 to 9 (class 1 - no damage, class 9 =extensive 
damage to leaf tissue) as described by Guthrie et al. (1960). The three 
genotypes of corn susceptible to corn borer; the leaf-feeding ratings, 
therefore, served as an indicator of intensity of infestations caused by 
the application of various levels of corn borer egg masses and control of 
the natural borer population with the three insecticide treatments. Leaf-
feeding ratings were made ca . 4 weeks after egg hatch. 
First-, second-, and third-instar larvae feed p rimarily on whorl leaf 
tissue; as the larvae progress in development, they feed on other plant 
parts. Thus, while the leaf-rating values served as an indicator of the 
intensity of damage from feeding by the early instars, the associated 
effect on yield as determined in the fall was caused by the summation of 
leaf, Inidrib, sheath, collar, and stalk injury. 
From the leaf-feeding rating data, an estimate of the percentage of 
plants showing enough leaf-feeding injury to have been identifiable as an 
infested plant was obtained by considering only those plants with a leaf-
rating value of 3 (shot-hole type of injury common on several leaves) or 
higher. 
At grain maturity , the corn was hand-picked and weighed. Moisture 
content was determined by subsarrpling 10 random ears within each plot. 
Yields were converted from ear weight per plot to q/ha (number 2 shelled 
corn adjusted to 15.5% moisture). 
Data were analyzed by regression methods; either the average leaf-
feeding rating/plant or the percentage of plants showing leaf-feeding in-
jury was the independent variable. Yield in q/ha was the dependent vari-
able. All data were analyzed on the means of 40 plants / plot. 
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Leaf-rating values o f l indicate no visible leaf-feeding injury. 
Thus, the appropriate regression equation for a linear model would be: 
y = a + b (x-1) since x -:/ 0, and whe re "y" is the yield quantity to be 
estimated, "a" is the estimated yield in the absence of leaf-feeding in-
jury, "b" is the regression coefficient indicating the reduction in "y" 
associated with each whole unit increase in leaf-feeding rating value, 
and "x" is the mean leaf-rating value/plant/plot. 
Data for percentage of plants showing leaf-feeding injury were ana-
lyzed on a percentag e basis, as well as according to arcsin transfo rma-
tion. Both analyses gave basically the same results; therefore, data 
based on percentages are presented. In experiments in which a significant 
regression equation was obtained, the regression coefficient "b" repre-
sents the estimated change in q/ha associated with each percent increase 
in infestation. 
RESULTS AND DISCUSSION 
Relationship of Leaf-Feeding Ratings and Yield 
Plants in plots 1-8 were infested artificially with different levels 
of corn borer egg masses. Treatments 1 and 2 h ad very little leaf-feeding 
damage (rating of 1.1-1.8), treatments 3 and 4 had a small amount of 
leaf-feeding damage (1.9-4.5), and treatments 5 and 6 had an intermediate 
amount of leaf-feeding damage (4.1-6.4) on all genotypes. Treatments 7 
and 8 had a large amount of leaf-feeding damage on WF9 and B37 in 1969 
and 1970 and on WF9 x B37 in 1969 (6.5-8.6); in 1970, treatments 7 and 8 
had an intermediate amount of leaf-feeding damage (5.2-5.3) on WF9 x B37. 
Tre atments 9-11 (treated with insecticides) had no or very little leaf-
feeding damage (l.0-1.4). Treatments 12-14 (natural infestation) also had 
no or very little leaf-feeding damage (1.0-1.4). 
In 1969 there was a highly significant linear relationship between 
leaf-rating values and y ield of the two inbreds, but not for the single 
cross. Regression equations obtained from the analyses are presented in 
Table l; the regression equations were used to plot the lines shown in 
Figures 1-3. The plotted lines do not extend beyond the maximum mean 







WF9 x B37 
Regress ion equations for 1st-generation 
infestations relating yield in q/ha to 
Ankeny, Iowa. 
Year Eg:uation 
1969 y 56. 2-1. 2 (x-1) 
1970 y 33. 3-1. 4 (x-1) 
1969 y 39 . 0- 0 . 7 (x-1) 
1970 y 27. 3-1. 4 (x-1) 
1970 y 82 .1-1.4 (x-1) 
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In 1 96 9 , WF9 y ielded 56.2 q/ha in the abs ence of leaf-feeding injury 
and was reduced in yield by 1.2 q/ha for each unit increase in leaf-rat-
ing value above t he b a s e level of 1 (2 .1%) . B3 7 yielded 39. O q/ha in the 
absence of leaf-feeding injury and was reduc e d in y ield by 0.7 q/ha for 
each unit increase in l e af-rating value (l.8%). 
In 1 970 there was a h igh ly significant l i near relationship between 
l eaf-rating value s and yield for all three corn genotypes. WF9 yielded 
33 .3 q / ha in the absence of leaf-feeding injury a nd suffered a loss of 
1.4 q/ha for each unit increase in leaf-rating value (4,2%). B37 yielded 
27.3 qjha in the absence o f leaf-feeding injury and was reduced in yield 
b y 1.4 q / ha for each unit incre ase o f leaf-rating value (5.2%). WF9 x B37 
y ielded 82.l q / ha in the absence of leaf-feeding injury and was reduced 
in yield by 1.4 q/ha for each unit increase in leaf-rating value (1.7%). 
The estimated quintals loss per unit of injury (b values) did not 
differ radically between t he 2 years for the same genotype. However, the 
damage estimates expressed as percentage reduction per unit of injury 
(estimated reduction per unit "b " divided by esti mated yield in the ab-
s ence o f damage "a" ) varied considerably between years for the same geno-
t yp e due to substantial differences in y i e ld between years for the same 
genotype. 
In 1970 the estimated y ield loss per unit of leaf-rating value was 
identical for all three genotypes of corn (1.4 q/ha). If viewed on a 
basis of percentage reduction per unit of injury , h owever, the estimated 
y ield in the absence of in j ury greatly influence d the values obtained 
(4.2, 5.2, and 1.7 for WF9, B37, and WF9 x B37, r e s pectively). 
It would seem, therefore, t h at a ny use of t he los s estimates obtained 
from the studies herein would best be applied in terms of quintals loss 
per unit of injury rather than percentage of yield loss per unit of in-
jury because potential y ield in a given year is determined by the envi-
ronmental conditions peculiar t o each year. 
In all instances in which a significant regression equation was ob-
tained for leaf-feeding ratings, a significant r egression equation also 
was obtained for cavity counts by Berry and Campbell (1978), indicating 
that both criteria were about equal in reliability for measuring corn 
borer damage as it relates to y ield reduction. Comp arisons of the two 
criteria, however, are difficult because the leaf-feeding rating values 
are b ounded b y a scale ranging from 1 to 9, whereas cavity values are not 
restricted, but are in theory without limit as contingent upon ultimate 
larval survival and amount of feeding in the stalk. 
Relationship of Percentage of Plants 
Showing Leaf-Feeding Injury to Yield 
Data on the relationship of percentage of plants showing leaf-feeding 
injury and yield should shed some light on the validity of current recom-
mendations that state that seed corn y ields should be treated with insec-
ticides when 25% of the plants show leaf-feeding damage. 
The average in percentage plants showing leaf-feeding injury for the 
three genotypes in treatments 1-2 was 3 to 25%, for treatments 3-4 was 31 
to 88%, for treatrrents 5-6 was 81 to 9 9% , for treatments 7-8 was 98 to 
100%, for treatments 9-11 was 0 to 11%, and for treatments 12-14 was 0 to 
13%. 
Regression equations are presented in Table 2; the regression equa-
tions were used to plot the lines shown in Figures 4-6. The treatment 
mean p oints represent points for the percentage of plants showing leaf-
feeding injury plotted according to the re s pective mean plot yields; all 
data were averaged over replicates. 
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Figure 1. Re gression lines for 1st-generation infes t ations relating yield 
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Figure 2. Regression lines for 1st-generation infestations relating yield 
in q/ha to leaf-rating values for B37. 
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Figure 3. Regres s ion line fo r 1st-generation i nfestations relating y ield 
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Figure 4. Regression lines for 1st-generation infestations relating yield 
in q/ha to percentage of plants showing leaf-feeding injury for 
WF9. 
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Figure 6. Regression line for 1st-generation infestations relating yield 
in q/ha to percentage of plants s howing leaf-feeding injury for 
WF9 x B37, 1970. 
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Tab le 2. Regression equation s for 1st-generation European corn borer 
infestations relating yield in q/ha t o p ercentage of plants 
showing leaf-feeding injury. Ankeny , Iowa. 
Standard 
er r or of b 
Genot:n2e Year Eg:uationa b1 b2 
WF9 1969 y 56.2 + 0.083 0x 0.00156 4x2 0 . 0 719 0.00729 
WF9 1970 y 33.3 - 0. 0714x 0 . 0096 
B37 1969 y 39 . 0 - 0.0354x 
2 
0 .0123 
B37 1970 y 27.3 + 0 .153x - 0.00966x 0 . 0 438 0.000441 
WF9 x B37 1970 y 82.l - 0 .0569x 0 .0196 
aRegression c oefficients exp re s sed in q/ha for each 1 % increase in plants 
showing leaf-feeding injury . 
In 1969 there was a high l y significant linear relationship between 
the percentage of plants showing leaf-feeding injury and y ield for the 
two inbreds but not for the single cross. In addition, the quadratic com-
ponent was significant for inb red WF9 , indicating that the relationship 
between the variables could b est be describ ed b y a curved rather than a 
straight line. 
In 1970 there was a highly significant linear relationship between 
the percentage of plants showing leaf-feeding in j ury for all three geno-
types of corn. For B37 the quad rat i c component also was significant at 
the 5% level of confidence, indicating a curvilinear relationship between 
the percentage o f p lants showing leaf-fee ding i njury and y ield. The lack-· 
of-fit component also was significant for WF9 and h ighly significant for 
B37 in 1970. A review of the p lotted line indicates that the lack-of-fit 
component for WF9 was probab l y due to the clumping of treatments 5-8, 
~hich are rep resented by the four data po ints to t he far righ t in Figure 
4. It is evident that these four treatments as a whole fell within a 
limited range in terms o f the percentage of p lants s howing leaf-feeding 
~njury, but, due to differences in intensity of infestation, resulted in 
differential yield reductions. 
The mean data points as comp are d with the fitted lin e for B37 in 1970 
(Figure 5)indicate that a possib le explanation f o r the h ighly significant 
lack-of-fit is related to treatments 5- 8 , which, t hough differing in in-
tensity of borer infestation , all on the average fell within a relatively 
short range in terms of the percentage of plants s h owing leaf-feeding in-
jury. The distribution of the percentage of plants showing leaf-feeding 
injury for WF9 x B37 in 1970 (Figure 6) was on the average better in 
terms of a straight line relationship than f o r either of the two inb reds 
in either year. 
In sununary, a highly significant linear relationship was found be-
tween yield and the percentage of plants showing leaf- feeding injury in 
five of the six experiments. Considering the three genotypes of corn, the 
regression lines indicate that yield reduct i ons occurred as a result of 
>50% of the plants showing leaf-feeding in j ury. 
Seed corn is a h igh-value crop. A single q uintal of p r o cessed seed 
corn would more than pay for the cost of i nsecticide and application. The 
data indicate that yield los s in seed-corn fields could be minimize d by 
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applying chemical control measures at some point before 50% of the plants 
show leaf-feeding injury in the whorl. 
The intensity of infestation also should be considered in recommen-
dations to seed p roducers. For example, if 50 % of the p lants in a seed 
field were infested and the plants rated 3 (indicating a low amount of 
leaf damage), little y ield loss may occur; however, if 50 % of the plants 
were infested and rated 7 to 9 (indicating a high amount of leaf damage) , 
yie ld loss would be substantial. 
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SYSTEflIC L:PTAKE OF CARB CrL;R,llJj rn r1AIZE GUJOTYPES TO 
CONTROL FI~ST-GE N E~ATION EVROPEAN ~ORN BORER, 
0-!i t!UrU_a vtu.bi.lal,W ( H L: ml ER ) 1 , 2 , 3 
G. Ill . Ghidiu4 , E. C. Berry4 , and W. D. Guthrie 5 
ABS'.I'HACT. Corn genotypes we re evaluated to deterrni ne whethe r carbofuran 
is effective in controlling first-generation European corn bor e r , 0-!iVUvt-
;__a vtu.bJ._faV.J.:, (HclJner) , and l•.'hether there is a differential response among 
corn genotypes. A rate of 3. 4 kg ;, I /ha carbofuran 10 G applie d in the 
seed furrow at planting time v1as effective for first-generation borer 
control. The up take and translocation of soil-applied carbofuran Has de-
pendent , in part , on the corn genot ype . 
INTRODUCTION 
Carbofuran has shown p romise as a systemic insecticide for control of 
first-generation European corn borers, 0-!it!UrU_a nu.bJ._fal,W (Hi.ibner). Ed-
wards and Berry (1972) reported that carbofuran is effective as a soil-
applied insecticide for borer control. Their data suggested t hat high 
rates (3.4 kg AI/ha) were effective for up to 45 d ays post app lication . 
Berry and Robinson (1975) found that t he degree of control obtained with 
soil applications of carbofuran was , in p art, dependent on the selection 
of corn hybrid. 
The present study was designed to determine whether carbofuran ap-
plied at planting time in the see d furrm: is effective in controlling 
corn borers in inbred lines of corn and test crosses of inbred lines, and 
whether the uptake and translocation i s the same among corn genotypes. 
f1ATERIALS /\ND METHODS 
Corn genotypes evaluated in 1974, 1975, and 1976 are presented in 
•.rables 1, 2, and 3 , respectively. Most of the inbred lines were selected 
because they or their derivatives are used extensively in the production 
1Lep idoptera: Pyralidae . 
2Joint contribution: Federal Research, Science and Education Aaministra-
tic n USDA, and Journal Paper No . 9149 o f the Iowa Agriculture and Home 
Economics Experiment Station, Ames Iowa 50011 . Project No. 2183. Part 
of a thesis submitted by the first author in partial fulfillment of t he 
req uirements of the Ph.D. degree. 
3This paper reports the results of research only . Hention of a proprieta-
ry product or pesticide does not constitute an endorsement Ly the USDA or 
its cooperators, nor does it imply registration under FIFPJ\ as amended. 
4Research Entomologist, Corn Insects Res earch Unit, Federal Research, 
Science and Education Administration, USDA, Ankeny, Iowa 50021 . 
5supervisory Research Entomologist, Corn Insects Research Unit, Federal 
Research, Science and Education Administration, USDA, AnLeny , I owa; Pro-
fessor, Department of Entomology, I owa State University, l '1lles,Iowa 50011. 
148 GHIDIU, BERRY , and GUTHRIE 
of c orn hybrids. Several inbred lines uere selected hecause they are ei-
ther highly susceptible (Wl82E) or highly resistant (Oh43, B75) to leaf-
feeding and stalk damage by first-generation borers (Guthrie and 0 icke, 
1972). Inbred line B73, although susceptible to the corn borer, has sev-
eral desired agronomic traits and is used to produce many modern hybrids; 
thus it was used as testcross parent. Limited seed production prohibited 
including all lines and testcrosses in all 3 years . Planting dates were 
May 24, 12, and 10 in 1974, 1975, and 1976, respectively . 
Experimental design was a randomized complete block with split plots 
as described by Berry et al. (1978). Carl:Jofuran 10 G vras placed in the 
seed furrow at planting time with a Noble;;; applicator attached t o the 
planter (~dwards and Ber r y, 1972) . A rate of 3. 4 kg AI/ha was applied in 
1974 and 1975, and a rate o f 6 . 7 kg AI/ha in 1976. 
Twenty plants in each row (2 rows /p lot) were artificiall y infested 
with six blackheading e gg masses plant (ca . 150 eggs) in three applica-
tions of two masses each, spaced 2 days apart. Plants we r e infested when 
75% of the genotypes reached the mid-whorl stage of p lant development . 
Leaf-feeding ratings (1 = no damage to 9 = extensive damage to leaf 
tissue), described by Guthrie et al. (1960), were made on an individual 
plant basis ca. 30 days after egg hatch. Stalk damage was determined by 
splitting the stalks from the tassel to the soil surface ca. 60 days af-
ter egg hatch and recording the number of cavities; each 2.5 cm of damage 
was counted as one cavity. 
RES ULTS AND DISCUSSION 
Carbofur~n significantly reduced leaf feeding and stalk cavities in 
197 4 and 1976. Significant differences were recorded for corn genotypes 
in all 3 ye ars. The interaction of genotype X carbofuran treatment was 
Table 1. Effectiveness of carbofuran against lst-·generation European corn 
borers, 1974. 
Mean plant rating Mean no. c avities/plant 
Genotype Untreated Treated 0if ferencea Untreated Treated Differencea 
B75 2.7 2.0 0.7a * 8.0 4.0 4.0a* 
Bl4A 5.6 5.0 0.6ab 6.3 5.3 l.Obc 
A239 8 .9 8.4 0.5a-c 9 .4 8.8 0 .6bc 
Oh43 2.8 2.6 0.2a- c 6.2 3 . 6 2.6ab* 
B70 7.9 7.8 O. la-c 9 .2 8 .2 1. Obc 
Wl82E 8 .1 8 .0 O.la-c 9 . 7 9.6 O.lc 
WF9 8.9 8.8 O.la-c 9 . 6 9.8 - 0. 2c 
B37 8.4 8 .3 O.la-c 10.8 9.4 l.4Lc 
B73 8.3 8.3 0.0bc 17.1 15.7 1. 4bc 
r1017 5.1 5.2 -0.lbc 9.4 7.7 l.7bc 
B52 4.6 4.8 -0. 2c 3 . 7 3.0 0. 7bc 
x 6.5 6.3 0.2 9 .2 8.9 1. 3 
aAny two means within a column not followed by the same letter are signi-
ficantly different at the 5 % level. 
*Difference between treated and untreated plots within a genotype is sig-
nificant at the 5% level. 
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highly significant for stalk cavities in 1974 and 1976 and f or leaf··feed-
i1}g ratings in 1976. Neither the main effect of treatments nor the inter-
action of genotype X carbofuran treatment was significant in 1975 as mea-
sured by leaf feeding and stalk cavities . 
In 1974, significa nt differences were obtained for B75 between un-
treated and carbofuran-treated plots as measured by leaf feeding and for 
B75 and Oh43 as measured by stalk cavities (Table 1) . The hi gh l y signifi-
cant interaction of genotype X carbofuran treatment, as measured by stalk 
cavities, resulted primarily from the data for the highly resistant geno-
types B75 and Oh43 and the s us cepti b le genotype WF9. Most genotypes show-
ed a reduction of leaf feeding and stalk cavities between untreated and 
carbofuran-treated plots. 
Table 2. £ffectiveness of carbofuran against 1st-generation European corn 




N28 X B73 
WF9 
A619 
B75 X B73 
W641\ 






Mol7 X B73 
Va26 X B73 
B57 X B73 
H98 
A239 X B73 
B75 
Cl23 






H95 X B73 
B37 
B70 X B73 
H95 
Bl4l1. X B7 3 
N28 
x 
Mean plant rating Mean no. cavities/plant 
Untreated Treated u ifference Untreated Treated Difference 
6.9 
4.9 








































4 . 2 
5.2 
4 . 2 
3.9 
4.0 
4 . 3 
3.1 




































0 . 0 
- 0 .1 
- 0 .2 
-0.2 
-0.3 
- 0 .5 
- 0 .6 
- 0 . 6 
- 0 . 6 
- 0.8 












0 . 8 
1. 4 
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Table 3 . ~ffectiveness of carhofuran a qainst 1st- generation European corn 
borers , 1976. 
Me an plant r a ting 
Genotype Untreated Treated Difference 
WF9 
A239 







N7A X B73 
W64A 
B52 X B73 
N7A 
B37 
WF9 X B73 
Va26 
B37 X B73 
N28 
H95 X B73 
Mol7 
Mol7 X B73 
N28 X B73 
H98 X B73 
Oh43 X B73 
A632 X B73 
W64A X B73 
Cl23 X B73 
Wl82E 
Cl23 
B70 X B73 
Bl4A 
Oh43 
B57 X B73 
Va26 X B73 
Wl82E X B73 
A619 
B75 X B73 
A619 X B73 
B57 
B75 












6 . 4 
5.7 
6.4 
5 . 9 
4 . 9 
5 .1 
5.0 





3 . 7 
3 . 4 






























3 . 2 



























3 . 4 
2 .1 
6 . 6a* 
4 . 9ab * 
4 . 7a-c * 
4.6b- d* 
4 . 6b- d* 
4.3b- e* 
4 . 3b-e* 
4 . 0b- f* 
3 . 9b-g* 
3 . 6b- h * 
3 . Sb~ h * 
3 . 4b- h* 
3.2b-i* 
3 . lb-i* 
2 . 9b- j* 
2. 8b-j * 
2 . 6b- k* 
2 .4c - l * 
2.3c-l* 
2 . 2d-m 
2.2d-m 
2.le-m 
2 . le - m 
2.le- m 
l. 7f- m 
1. 6f- m 
l.5g - m 
l . Sg-m 
l. 5g-m 
l .4h- m 
l.4h -m 
l. 3h- m 
l.3h- m 
0 . 8i - m 
0 . 6j - m 
0 .5 j -m 
0 .5 j - m 
0 . 4k- m 
0 .3k- m 
O.llm 
- 0.2m 
2 . 4 
Me a n no . c a vities/plant 
Untreated Treated Differencea 
5 . 7 
3 . 2 
2.8 
3.7 




3 . 3 
2 . 8 
4.2 
2.5 
2 . 1 
2 . 8 
2 . 3 
2 . 6 
2.0 
3 . 3 
l. 2 







3 . 0 
5.4 
2.6 
2 . 0 








2 . 3 
2.2 
l. 7 
2 . 9 
2 .2 
2 . 8 
2 . 0 
2.1 
3.5 
2 . 1 
0 . 8 





































0 . 8b-d 
l.6bc 
0 . 8b-d 
2.7ab* 
0 . 7cd 
l. 4b-d 




0 . 2cd 
0 .7cd 
0 .5cd 
0 . 6cd 
- 0. 5cd 
- 0 .4cd 
- 0.4cd 
- 0 .6d 
0 .6cd 
0 .2cd 
0 . 6cd 
o. 9b - d 







- 0 .4cd 
0 .4cd 
l. lb-d 
- 0 . 6d 
0 .6cd 
0 . 5cd 
1. Ob - d 
- 0. 2cd 
- 0 . 5cd 
0 . 3cd 
0 . 6 
aAny t wo means within a co lumn not followed b y th e same letter are signi-
ficantly different at t he 5% level. 
*Difference between treated and untr eate d plo t s within a genotype is sig-
nificant at t h e 5% level. 
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In the 1975 experiment we included 21 inbreds and 11 testcrosses in 
an attempt to determine the relationship between inbred lines and test-
crosses of inbred lines (B73 was testcross parent). No significant dif-
ferences were obtained vetween untreated and carbofuran-treated plots as 
measured by leaf feeding and stalk cavities; however, the data indicate a 
differential response among corn genotypes (Table 2). The dry spring may 
h ave contributed to the re duced response: Carbofuran was applied to the 
soil on May 12, and only traces of rainfall were recorded from May 7 
through 29, then on May 30 , 5.3 cm were recorded. No measurable rainfall 
was recorded from May 31 to June 9. Plant growth may have been delayed 
during this dry period since most genotypes did not reach mid-whorl stage 
of plant development until ca. 47 days after planting, at which time 
plants were artificially infested. Edwards and Berry (1972) reported that 
carbofuran may lose its toxicity in field corn between 45 and 52 days af-
ter application to the soil. Thus, infestations may have occurred at a 
time when carbofuran was becoming ineffective in the plant. 
Because of the small differences obtained between untreated and 
treated plots in 1974 and 1975, a higher rate of carbofuran(6.7 kg AI/ha) 
was applied to the soil in 1976. All carbofuran-treated plots had a re-
duction in leaf feeding, except Bl2A X B73, which showed no reduction in 
leaf feeding or stalk cavities in 1975 and 1976. 
Generally, a higher leaf rating was recorded in untreated inbred 
plots than in untreated single-cross plots (Table 3). Only 6 of the 21 
inbred lines had a rating of less than 5, and only 3 of the 20 single 
crosses had a rating of more than 5. Plant growth rates may influence 
the leaf-feeding ratings since single crosses have greater plant vigor 
than inbred lines. Because borer larvae remain deep within the whorl and 
feed on emerging leaf tissue, the slower a leaf emerges from the whorl 
the more borer damage it will sustain. 
Thirteen of the 21 inbred lines had a significant reduction of leaf 
feeding between untreated and treated plots, but only 6 of the 20 single 
crosses had a significant reduction. Thus, the interaction between plant 
growth rates and application of carbofuran may be involved with the re-
duction of leaf feeding between untreated and treated plots. Also, most 
genotypes had fewer stalk cavities in carbofuran-treated plots than in 
untreated plots. These differences, however, were significant in only two 
susceptible inbred lines,WF9 and B73; no single crosses had a significant 
reduction in cavities. Resistant genotypes showed little reduction of 
cavities due to carbofuran treatment. Robinson et al. (1978) reported 
that no significant reduction in cavities was achieved by insecticide ap-
plication t o inbred lines of corn that are resistant or intermediate in 
resistance to first-generation corn borers. 
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MITE COMPLEXES ASSOCIATED WITH APPLE 
FOLIAGE I N IOW,ll, (ARl\CHNIDA: ACARINA)l 
E. D. 0Wens 2 and E . R. Hart 3 
ABSTRACT. A survey of the mite fauna of apple f oliage was made in seven 
central Iowa orchards, six under commercial management a nd one abandoned. 
An anlys is of the similarities of faunal components indicates variations 
on two basic faunal t ypes of mite complexes in the studied area: (1) com-
mercial orchards with Pa.nonyc.huo ulmi (Koch) , Te.t/1.anycJiuo uJL:Uc.ae. (Ko ch) , 
Amb.ltj.6 u uo &al.law (Garman), and Agi.6te.muo 6.lucJine.JU (Summers) , and (2) 
an abanconed orchard with a diversity o f species markedly different from 
that of the other orchards sampled. 
INTRODUCTION 
A great diversity in a rth r opod complex components, especially the 
Acarina, has been noted for commercial app le orch ards (Lord, 1949; Hors-
burgh and Asquith, 1968; Hoy t, 1969 ; McMurtr y et al., 1970; Rasmy and 
MacPhee, 1970; Holdsworth, 1972 ; Knisley and Swift, 1 972; Oatman, 1973, 
1975 ; Meyer, 1974; Childers and Enns, 1974 ; Cr oft, 1975) . 
I nasmuch as this variability is, at least in p art, a function of the 
geographic location, the study p resented here was performed as an initial 
step in investigating t he possibilities for more efficient pest manage-
ment i n Iowa orchards. 
r1ATERIALS AND METHODS 
In 1975, s even apple orchards 11ithin a 50-mi r adius of Ames, Iowa 
were sampled week ly from June t hrough September . Study orchards (Figure 
1) were s e lected to give an east- west a nd north-south distribution and to 
include differences in cultural p ractices. The orchards s tudie d included 
fi ve . commercial orchards under heavy s p ray p rograms --Baedke (BADK) , Deal 
(DEAL), Fullmer (FULL), Hinegardner (HI NE ), and Horticulture (HORT) ; one 
o rchard, Fisher(FISH), which was abandoned for several ye ars before being 
placed under a limited spray p r ogram; and one ab andoned orchard, Beach 
(BECH). Orchards ranged i n size from less than 20 trees (BECH) to 22 hec-
tares and more than 4,000 trees (BADK). 
All commercial orchards in Iowa are quite heterogeneous in varietal 
makeup . Any study, therefore mus t take t his into account, and s ampling 
must be done on the maj or var ie ties to allow for the possi ble differences 
1J ournal Paper No. J- 8793 o f t he Iowa Agriculture and Home Economics Ex-
periment St ation, ~.mes, Iowa. Pr o j ect No. 2073. 
2Present address : Department of Entomology , University of Massachusetts, 
Amherst. 
3Associate Professor, Department o f Entomology, Iowa S tate University, 
Ames, Iowa 50011 . 
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Figure 1. Location of study orchards. 
(1 = BADK; 2 = BECH; 3 = DEAL; 4 F ISH; 5 FULL; 6 HIN E ; 7 HORT) 
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in population level and mal:eup among varieties. The apple varieties sam-
pled were those most commonly grown in Iowa, Red Delicious, Golden Deli-
cious, and Jonathan. Five trees of each variety were randomly selected in 
each orchard during each sampling period. Ten leaves were selected from 
each tree, moving from the inside to the outside of the canopy. In Fisher 
and Beach orchards, where varieties were not easily identifiable, samples 
were taken without regard to variety. A total of 150 leaves was so col-
lected weekly from each of the orchards except Beach from which 50 leaves 
were collected weekly. Leaf samples from each variety in each orchard 
were placed into separate, marked p lastic bags and transported by cooler 
chest to the laboratory where they were stored in a refriqerator. A mite-· 
brushing machine was used to remove mites from individual leaves (Hender-
son and McBurnie, 1943; Hoyt, 1969). All mite stages, except eggs, were 
counted collectively for each apparent species in each sample. The weekly 
counts for each mite species were taken by combining the separate vari-
etal counts in each orchard . Samples of each species were retained in 
labeled alcohol vials for later slide mounts in CM media (Clark and Mori-
shita, 1950) and subsequent identification. 
Additional foliage sampling was conducted biweekly during May and 
June of 1976 in Deal, Hinegardner , and Fisher orchards and, from May to 
September, in Beach orchard by using similar techniq ues. The samples in 
Deal and Hinegardner orchards consis ted of 100 leaves of Red Delicious; 
100 leaves of random varieties were collected from Beach and Fisher or-
chards. 
To compare the composition of mite complexes among the seven orchards 
sampled in 1975, prominence values (PV), a form of population index, were 
calculated for each species in each orchard (Beals, 1960; Pedigo, 1970; 
Louriero, 1976). These prominence values were obtained by relating the 
density and frequency as follows: 
PV 
Density (number of individ-
uals of a spec ies /100 leaves) 
Frequency 
RESULTS A~D DISCUSSION 
Density V Frequency 
Total individuals of a species 
collected at one orchard 
Total number of leaves samp led 
in the orchard/ 100 
Total weeks in which the 
species occurred 
Total weeks sampled (17) 
where 
and 
More than 19 species, renresenting 9 families, of Acarina were col-
lected from apple foliage in the orchards sampled during 1975-76 (Table 
1). 
Sample s were composed largely of phy tophagous mites. Four species of 
Tetranychidae were collected most often. In 1976 a species of Eriophyidae 
was collected from the abanaoned orchard. No specimens of this family 
were noted in commercial orchards studied. 
Specimens of two families, Tarsonemidae and Tydeidae, were not keyed 
to genus and species in this s tudy because they were not common in com-
mercial operations, but several species from these families were p re sent 
on the apple foliage. An especially diverse population o f Tydeidae was 
noted in the abandoned orchard . Many species of bot h families are thought 
to be fungivorous (Childers and Enns, 1975). 






BADK BECH DEAL FISH FULL HINE HORT 
MESOSTIGMATl1 
Ascidae 
Species A Predaceous + 
Phytoseiidae 
Amb.ly1.iuU6 d!Ugg e!U Specht Predaceous + + 
Amb.ly1.iuU6 6al1:a<0.i (Garman) Predaceous + + + + + + + 
Amb.ly1.iuU6 meJUc..anU6 (Garman) Predaceous + 
T yph..lo c/JwmU6 C..On!.i pic..uU6 (Garman ) Predaceous + 
Typh..toc/JwmUli .longipi.lU6 Nesbitt Predaceous + + 
T yph.lo c/Jw mU6 pomi. (Parrott ) Predaceous + + 
PROSTIGMATA 
Bdellidae 
13de..t.la ~tine.ta Baker and Balock Predaceous + 
Eriophyidae 
Ca.lepi;tJumeALLJ.i badeyi Keifer Phytophagous + 
I:rythraeidae 
AbtLO .to ph.U6 sp. Predaceous + 
B a.laU6 tium sp . Predaceous + + + 
Stigmaeidae 
AgiJ.itemU6 6-fe.J.ic..h.ne!U Summers Predaceous + + + + + + 
Tarsonemidae Fungivorous + + + + + + + 
Tetranychidae 
~ B~yobia ~ub!Uoc..u.lU6 (Scheu ten) Phytophagous + [Ij 
Panonyc..h.LLJ.i u.lml (Koch) Phytophagous + + + + + + + z UJ 
T ~anyc..h.U6 J.i c.ho ene.,,i_ McGregor Phytophagous + § 
Te~anyc..h.U6 ~c..ae Koch Phytophagous + + + + + p, 
T~anyc..hU6 sp. Phytophagous + + ::c 




Table 2. Prominence values of mite species at the orchards sampled intensively in 1975, ~ 
() 
0 





~ Species A 0,0ll (/) 
Phytoseiidae 0 () 
Amb.ty.ouLlh cltu'.,gge!U Specht 0.057 0.0ll H ~ 
Amb.ly.o u Uh t)aJ.lacM (Garman) 4. 020 4.130 0.023 0.384 0.254 0.016 ~ Amb.ty.o uUh me.xic.anuo (Garman) 1. 214 
Typh.lociJwmUh c.oYL-Opic.uUh (Garman ) 1.467 ;:;:: H 
Typh.loc/JiomUh longipilUh Nesbitt 0.029 0 .033 t-3 r:r: 
Typh.loc/JiomUh pomi.. (Parrott) 23. 294 0.012 ?; 
"d 
PROSTIGMl\TA f;; 




Agi.ote.mUh t)lu c.hne!U Summers 0.079 0.033 llO. 000 0.177 0.581 GJ t'1 
Tarsonemidae 0.240 1.598 0.014 0.028 2. 541 0.903 0.163 
Tetranychidae 
B~yobia ~ub~oc.u.lUh (Scheuten) 9.743 
Panortyc.liUh u.f_mi.. (Koch) 62.672 0.081 1.643 474. 605 20. 34 7 608 .619 0.112 
Te.~a.nyc.hLlh .oc.hoe.rtu McGregor 37. 325 
Te.~a.VlydiUh UlLtJ.,c.ae. Koch 149 .245 212.480 34.620 0.012 356 . 637 
T e.~a.Vly c.hUh sp. 2.709 
Tydeidae 56.146 0 .Oll o. 023 0 .0 65 
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Representatives of five p redaceous mite families were noted on apple 
foliage in 1975-1976. Two families, Phytoseiidae and Stigmaeidae, were 
collected in relatively large numbers. 
From an examination of the p rominenc e values (Table 2), it is inter-
preted that orchards in Iowa have a major mite complex c omposed of Panon-
ychw.i ulnU. (Koch), Te.btanychw.i UJLt,,{,c.ae. (Koch), AmblyJ.>ej_uJ.i {iallac.,U, (Gar-
man) , and Ag-Llte.mw.i {ile.6 c.hne,tU_ (Swnmers) . The prominence of each species 
varies from orchard t o orchard. That the abandoned orchard fauna is not 
closely related to that of commercial orchards should be expected. Envi-
ronmental conditions (e.g., cultural practices, c hemical applications, 
etc.) in Beach orchard are considerably different from those of other 
sampled orchards. 
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LEAF-WATER POTENTIAL AND DIFFUSIVE RESISTANCE RELATION-
S~'. I PS TO YIELD MD YIELD COMPONENTS OF SOYBEANSl 
R. E. Carlson, N. N. Morren, 0. Arjmand, and R. H. Shaw2 
ABSTRACT. Soybeans [Gl~1une max (L.) Merrill) cul ti vars Hark and Rampage 
were grmvn in large potometers in t he field. The potometers were previ-
ous ly filled with the top 6 in. of a lhcollet s i lt loam. The plants were 
subjected to four independent dry- down cycles during critical reproduc-
tive stages of growth. Soil moisture was controlled by hand watering and 
the use of an automatic shelter, which covered the plots during periods 
of rainfall. Five soil- moisture treatments were imposed during each dry-
down cycle. Soil moisture was measured with a neutron soil probe, and 
frequent me a s urements of leaf-water potential and leaf conductance we re 
collected to document moisture stress. 
Both leaf-water potential and leaf conductanc e related significantly 
to imposed soil-moisture treatments and t o final seed yield and compo-
nents of y ield. The significance relating specific components of yield to 
t he se two stress parameters was mixe d for all components. It depended 
primarily on t he timing of the moisture-stress treatment and illustrates 
the flexibility of soybeans in final y ield expression. 
These two soybeans di ffered considerably in their canopy structure 
and leaf size, but neither cultivar exp ressed a consistent final yield 
advantage over the other. 
INTRODUCTION 
Leaf-water potential and leaf-diffusive resistance have been related 
to moisture stress in many species of plants (2, 3, 4, 7, 9,13,20 ,21,22). 
These effects on plants are mediated by influencing stomatal action, the 
ultimate control of the fluxes of water vapor and carbon dioxide from and 
to leaves, and by influencing other physiological processes (5,11,12,23). 
The effects of soil-moisture stress on plants vary between species and 
al so between critical stages of growth within species. Soybeans have been 
shown to be very flexibl e in their response to various stresses (1, 6, 8, 
10,14,15,17,18,19,24). 
There is present concern that our climate may become more variable in 
future years (16) . Producers t herefore need crops that can resp ond favor-
ably to these possible futur e variabilities in the weather. 
Our in tent in this study was to use both leaf-water potential and 
leaf-diffusive resistance as indicators of moisture stresses and to 
lJournal Paper No. J-9159 of the Io.va Agriculture and Home Economics Ex-
periment Station, Iowa State Unive r s ity, Ames, Iowa 50011. Project 2088 . 
2Associate Professor, Agronomy De p artment, Iowa State University ; formerly 
Graduate Research Assistant, Agronomy Department, Iowa State University, 
currently Lecturer Assistant,Garyounis University Faculty of Agriculture, 
Natural Resource Department, Beida, Libya ; Graduate Research Assistant, 
Agronomy Department, Iowa State University; and Professor, Agronomy De-
partment, Iowa State University, Ames, Iowa 50011. 
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comp are t he yield and y i e l d component response o f t wo soybean cultivars 
to these t wo moisture-stress par a me t e r s . 
t'ATERI.A.LS MlD fi ETHODS 
Two soybean cultivars 1;ark and Rampage [Glyune. max (L.) :rerrill] 
were planted on June 6 , 1975, in 216 potometers under a movable weathe r 
she lter a t Ames, I owa. The potometers are large garbage c ans containing 
130 lite rs of a Nicollet loam top soil, position ed i n the ground to s imu-
late a 76 . 2-cm · rov-· spacing. Th e shelt er is designed so that it moves 
automati cally over t he p lots during r ainfall, t hen moves off the p l ots 
shortly after the rain has cease d . Water is added to each potometer to 
maintain the desired leve l of soi l moisture. On J une 26, 1975 , e a ch po-
tometer was thinned to eight p l ants per pot ometer to appr oxima t e a normal 
field population. For e ase of management and data co llection in concur-
r ent experiments using this plant material , the area wa s planted t o four 
c omple t ely randomized split-plo t designs \·1ith two cultivars , five soil-
moisture treatments, and four re p lications of each experimental unit. Be-
cause these cultivars diffe r ed considerably in their c anopy s tructure, 
they we re p lanted in b locks wi t h in each experiment , r ather than being 
planted in a r andom fashion , so that each cultivar could express its own 
specific feature without int erference or compe titi on from the o ther. Be-
cause of this restricte d p lanting d esign, statistical test s for direct 
cultiva r di fference s are not possible . The experimenta l potomete r s we r e 
bordered by soybeans on all sides . 
Each of t he four des i gns was subjected t o one d r y -down cycle ; t he 
different cycles began on July 23 , July 29, August 11, and August 25 . The 
length of each dry- down cyc le was variabl e and depended upon the level o f 
atmospheri c demand . These will be called runs 1 through 4, respectively. 
Flowering b egan on July 18 and b e ginning pod wa s August 1. The five soil-
moisture treatments we r e imposed on the experimental plants dur ing each 
dry-down cycle by differential application of wat er . As an examp le, dur-
ing run 1, treatment 1 received 20 . 0 liters of supplemental w~ter, and 
treatment 5 received none until t he dry- down cycle h a d been comp leted. 
Treatments 2 through 4 received amount s between these extremes . Treat-
ments 1 and 5 were ,respective l y , t he least- stressed and the most-stress ed 
experinental units, with treatments 2 t h rough 4 between these . All p o-
'toneters not being subjected t o a dry - dmm cycle were maintained at ade-
quate levels o f soi l moisture. By thi s technique, s oil moisture levels 
wer e c ontrolled in each treatme nt. The amount o f mois ture stress applied 
to s imilar treatments during separate d r y- down cycles was not alike be-
cause of differing, uncontro llable levels of atmos pheric demand ; i.e., 
tre atment 3 in run 1 may not be equa l t o treatment 3 in run 4 if atmos-
pheric demand was different betwe en run s , even whe n s oil-moisture levels 
were similar. For this reason, a combine d stati stical analysis was not 
applied t o all runs . 
Le af-water potential wa s measured with a p res s ure chamber app aratus 
distributed by PMS Instrument Corpc r a t ion, Corvallis , Oregon. 3 Leaf-dif-
fusive resistances were measured by us ing t he diffusion por ometer avail-
able fr om LAMBDA Instrume nts Corporation, Lincoln, Nebraska. The porome -
ter was calibrated by us ing prescribed proced ures before and after t he 
3Mention of a specific trade name or commercial company i s for reader in-
f o rmation an d does not imply endo r s ement or preferential t r e atment by 
ICMa State University . 
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samp ling period. Ful l y expanded center leaflets from uppermost trifolio -
lates were selected for all measurements, and the data collection pro-
ceeded as quickly as possible to avoi d water loss from the leaflet or 
overexposure due to the diffusion parameter. 
Depending on daily weather conditions, these leaf measurements were 
collected at l east three times each day during each dry-down cycle for 
both cultivars. Leaf resistance was calculated by using 
[l] 
where c is leaf conductance and rad and rab are, respective l y , adaxia l 
and abaxial leaf resistance . Because of the destructive nature of leaf-
water potential sampling and because it takes a somewhat longer time to 
measure than leaf resistance, these t wo measurements were not collected 
from the same leaves. We believe that this should not cause any signifi-
cant effects on the data p resented in this r eport inasmuch as we tried to 
select representative leaves for each data point . Some outlying data 
po ints , however, may have resulted because of this s ampling procedure . 
After the plants matured, each potometer was harvested to determine 
the following yield characteristics: dry -ma tter seed y i eld adjusted to 
14 % moisture, plant height , and numbers of pods, seeds, and nodes. By 
harvesting in this manner, final y ield and yie ld components, as listed in 
Equation 2, could be ana l yzed . 
Yield (g) = we igh t per seed x seeds per pod x 
pods per node x number of nodes 
[2] 
In the discussion that follows , all data p resented are mean values 
calculated over replicates. 
RESULTS AND DISCUSSION 
As an example, the daily p atterns o f both leaf-water potential and 
leaf conductance in Hark are shown in Figure 1 for dry-down cycle 2 . Both 
the irrigated treatment ( #1) and the most extreme moisture-stress treat-
ment (#5) are depicted in this figure. Intermediate moisture-stress treat-
ments generally fell between these two extremes. Similar patterns were 
noted during the other three runs, but t he measured values were sometimes 
different and depended upon the level of atmospheric demand present dur-
ing the dry-down cycle. Both leaf-water potential and leaf conductance 
show considerable difference between the soil-moisture treatments. By 
looking at midafternoon values of both moisture-stress parameters, one 
can see how the moisture-stress treatments sep arated as the dry-down 
cycle progressed. Even early-morning, leaf-water potential values re-
vealed that full recovery was not achieved during the night. 
All treatments were watered the evening of July 31, and measurements 
collected August l revealed nearly full recovery. This same pattern was 
evident for the other runs, but we did note a tendency for leaf adaxial 
conductance not to achieve full recovery on the day following rewatering. 
Yield and Yield-component Relationships to ~1oisture-stress Variables 
To compare these moisture-stress indicators with final yield and yield 
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Figure 1. Patterns of leaf-water potentia l and leaf conductance d uring d ry-down 
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dry-down cycle for data collected during midday . Means were calculated 
for this time period because atrrospheric demand is greatest during this 
part of the day and t he soil-rrois ture treatments exhibited the most di-
vergent patterns at this time . Simple linear regression procedures were 
used to identify significant relationships . These are given in Tabl e 1. 
Leaf-conductance means were not included in this analysis from run 4 be-
cause data collection was limited during that dry-dcwn cycle. In addition 
leaf-water potential and leaf-conductance means were highly correlated so 
the discussion will be limited to leaf-water potential relationships to 
yield and yield components. Similar relationships would be true for leaf 
conductance. 
Leaf-water potential correlated well with plant height for all runs, 
except for Hark in run 1 and for Rampage in run 4. These relationships 
are indicated in Figure 2 for both cultivars over all runs. Run 1 plants 
were observed to achieve near full recovery after the moisture-stress 
treatments were finished . The correlations with Rampage were lower and 
were not unexpected because Rampage possessed a shorter plant stature 
(Figure 2). Its height potential has been reduced genetically; therefore, 
it probably is less flexible when compared with the response exhibited by 
Hark. 
Final seed yield per potometer was significantly correlated with 
leaf-water potential for most runs. The c orrelations were somewhat lower 
for Hark during run 3 a nd for Ramp age during run 1. The reasons for this 
relate to the nonuniform treatrrent distrib utions; during run 1, however, 
atmospheric demand was not extremely high, and the plants were quite 
small. For t hese reasons severe moisture-stress treatments were difficult 
to achieve. This caused the rreasured leaf-water potential values to be 
somewhat smaller than those observed in the other three runs. 
Seed number wa s significantly related to leaf-water potential for 
both cultivars in all runs. The only exception noted was for Rampage 
during run 4. Although both cultivars are in the same maturity group 
(I), Rampage seemed to be s omewhat earlier, and the timing of the soil-
moisture-stress treatments probably relates to the differences in t he 
correlations observed between cultivars. In Rampage, during this later 
portion of the growing season, most seeds were established so that the 
soil-moisture-stress effect on seed number was minimal (Figure 3) . 
Pod number (Figure 4) and n ode number were rrost affected during runs 
2 and 3 . During run 1 for b oth cultivars, nearly complete recovery was 
noted after the soil-moisture-stress treatrrents were finished. Although 
run l correlations were high, the actual reduction in pod number was not 
nearly as great as for the o ther runs. Run 4 correlations were low for 
both cultivars because, at this late stage of development, pods and nodes 
had already been established, and soil-moisture-stress effects were medi-
ated through other components of yield. This can be seen from Table 1 
when weight per seed is examined. This component was significantly cor-
related with mean leaf- water potential only during run 4. At this time 
most seeds were set, and the soil- moisture-stress effect reduced translo-
cation of photosynthetic products into the developing seeds. The negative 
correlations present during the earlier runs, especially for Hark, should 
be noted. They indicate that t he soil-rroisture stress results in larger 
seeds. Our interpretation of this res ponse deals with the manner in which 
the stress was imposed. Earlier stress treatments reduced seed numbe r ; 
later , when well-watered conditions prevailed, photosynthetic products 
were translocated into potentially fewer seeds, resulting in larger 
seeds. This was noted primarily in Hark because it exh ibited a greater 
genetic potential for ' floral p r oduction when compared with t he more rigid 
floral and pod production p attern dis playe d by Rampage. 
Table 1. Simple correlations between leaf-water potential, leaf conductance, yield per potometer, and 




Simple Correlations (r) 1,2 
Yield Weight Seeds Pods Number Seed Pod 
Moisture Stress Parameter Cul ti var Run Height Potometer Seed Pod Node of nodes Number Number 
Hark 1 -.03 . 8S -.03 .41 .44 .6S .93 .76 
2 .96 .92 -.49 .27 .67 .74 .95 .9S 
3 .93 .76 -.78 - .13 .74 .82 .83 .87 
4 .9S .98 .88 .68 -.16 .17 .89 .06 
Leaf-water Potential 
Rampage 1 .S7 .7S -.52 -.66 .79 -.47 .80 . 80 
2 .84 .98 . 32 -.11 .80 .90 .97 .98 
3 .so .91 .43 .94 . 72 .S7 .92 .85 




Hark 1 .00 .91 -.01 .3S .83 .S3 .97 .S7 
f1 
Ul 
2 .88 .94 -. 28 .S6 . 77 .46 .93 .83 
~ 
j 
3 .89 .74 -.88 -.OB .68 .89 .BS .88 
::s: 
0 
Leaf Conductance ~ 
Rampage 1 .69 . 70 - . 79 -.82 .89 .S3 .89 .90 ~z 
2 . 71 .84 .00 -.11 .72 . 9S .94 .96 
:i:i 
~ 
3 .S3 .94 .40 .93 .79 .SS .9S .90 ~ 
~t:i 
Pl 
1 r values than 0.9S significant at the 1% level 
::l 




r values greater than O.BS but less than 0.9S are significant at the S% level ~ 
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The interpretations f o r t he fi na l t wo components o f y i e l d are com·-
p l e x. These components, as well as v1eight per seed, rep resent the ratio 
between two primary y ield components; final s e e d yield; and numbers of 
nodes, pods, and seeds. Therefore, if the primary yield components react 
similarly to the impose d s oi l -mois ture treatments, the ratio will be un-
affected and will show little correlation with stress. This is illus-
trated in Figure 5 for see ds / pod in Hark during run 2. Seed and pod num-
b e rs are both reduced with increasin g moisture stress. With the exception 
o f treatments #2 and #5, seeds /po d r emains at a r e lative ly high level. 
I ::' , hm1e ver , t he primary fa c tors r e a c t d iff e rently t o the s oil-mo i s ture 
tre atment s , th en signifi c an t relationshi ps f or t he s p ecific y i e ld c ompo-
n ent under considera tio n can be id entified. An examp le illustrating this 
t ype of res p onse p attern i s given i n Fi gure 6 for the y ield component, 
weigh t per see d , observe d during run 4 for Ramp age. Seed number is rela-
tively unaffected, except f o r tr e atment #5, b y the me a s ured leaf- water 
pot entials , but see d yield reveal s a s trong r e lationshi p. These two pat-
terns, 1·1he n merged via the r a tio (weigh t per s eed ) , exhib it a strong re-
lationshi p with leaf-water pot ential. I n this study we restricted our 
investigation to linear responses. If nonlinear relations hips were pres-
ent, t he y could influence our interp retation o f the correlations listed 
in Table 1 for yield components that resulted fr om ratios formed by spe -
cific p rimary y ield components. One can e nvision many possible primary 
yield c omponent responses t o the treatments impo s ed, so caution must be 
exercised. In this experiment we did not ob serve any significant non-
linear resp onse s of the p rimary c omponents of yield. 
Yield and Yield-Compon ent Relationships 
If significant responses t o irrigation can be noted in studies such 
as the se, breeders may pos s ibly i nco r porate these traits into new lines 
that may cope favorably with adverse e n vironments. Since high seed yield 
per unit area is the ultimate goal, we examined the simp le correlation 
between ind ividual components of y ield and yield per potometer . These 
re s ults are p res e nted in Tab le 2 a nd reco nfirm that s oybeans are indeed 
very flexi b le in the manner in v.hich t he y expres s final yield. The yield 
component showing the highe s t correlation varied with both run and culti -
var . 
Table 2. Simple correl ations betwee n y ield per potometer and componen t s 
of y ield . 
Simple Correlations (r)l,2 
Number of 
Weight Seeds Pods 
Cul ti var Run Seeds Pods Nodes per seed per pod per no de 
Hark l . 86 . 89 .80 . 37 .22 .54 
2 .98 .96 . 62 - . 32 . 37 .84 
3 .96 . 9 7 . 80 -. 70 . 18 .96 
4 . 84 . 22 . 27 . 94 .54 -.11 
Rampage l . 89 . 86 -. 17 -. 31 -.50 . 76 
2 . 94 .95 . 84 . 47 - . 07 . 79 
3 .99 . 97 . 44 .60 . 90 .93 
4 .57 .64 - . 11 . 96 - . 25 . 91 
lr values greater than 0.95 are significant at the 1% l e v e l. 
2r values greater than 0 . 85 but l ess than 0.95 a re significant a t the 5% 
level . 
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Yield p er potomete r was h igh l y c orre lated Hi th aver age l e a f - water 
potential and leaf cond uctance. The r efore, t he s i mple correlations in 
Table 2 are similar to t h ose p resented in Table 1 a n d will be di s cussed 
only briefly . 
Table 2 s h ows that t h e s i gnificance of each component of yield wa s 
very de pendent on t he timing of s oil-moisture tre atme nts. The only ex-
cep tion was s eed number. It was highly correlated wi th y ield pe r potorne-
ter o ver all run s . Pod number c o rrelate d well during t he f irst three runs 
as expected, but run 4 correlations were lower because pod number had 
been already e s tablished b efore this late-season stress period . 
The sign i ficance r e l ating t o t he n umber of nodes compor-e nt was v ari-
abl e over runs a n d somewhat mo r e i mpo r t ant i n Har k . Hc::. r k was th e taller 
o f t he two cultiva rs e xh i biting mo r e n odes a nd seeme d t o r espond mo re t o 
the s oil-mois t ure treat me nts. As wi t h p o d n umbe r, node n umber showe d no 
s i gnificant c o rrelations during run 4 b ecaus e p lan t s were fully developed 
b efore the moisture-stres s t r eatments were initi a t e d . 
Node numbe r di d no t correla t e \vell Hith plant height wi thin each run. 
The excep tions to this were f o r Har l: during r un 3 a nd fo r Ram;:iage during 
run 4 (where the c orrelations we r e 0. 8 7 and 0 . 89 , re spective l y ). Over all 
data, height c orrelates well uith n ode number (I' i gure 7 ). This indic a tes 
t hat t he l e s sened turgor from mo i s ture,-stress treatments r e duce d b oth 
p lant elongation and the number o f n oda l p rimordia initiated . 
For both cultivar s , \Jeigh t p er seed s h owe d s i gnificance only during 
run 4. As s tated be fore, s e ed n umbe r was estab li shed a nd the s oil-mo ist-
ure t r e atments r e du c e d t he translo cation o f d r y matte r into the deve l op-
ing seeds. In t he r e maining two c omponents of yield , signif i cant correla-
tions we re c omplex and v ariable be t we e n cultiv ar s a nd r uns. As previous l y 
d is c usse d , t he y rep r e sent ratios fo r me d b y 2 r imary y i e l d comp onen t s, s o 
t he sig n i fi c ance not ed d epends upon the soil-moi s ture-tre atment re sponse 
of e ach primary yi e l d compon ent used t o cal cula t e t he r a tio. 
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